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conductivity of the unweathered claystone impedes the downward flow of groundwater. There is geologic
evidence (i.e.,the presence of channel sandstone deposits) that the majority of groundwater flow that occurs
may be laterally to the east. There may be a potential for contaminated groundwater in the upper HSU to
enter lower bedrock sandstones where they subcrop in localized areas beneath relatively shallow colluvium
south and southeast of the 903 Pad area. In general, however, the lower HSU(s) is incompletely modeled.

Based on the Phase I RI results and earlier studies, carbon tetrachloride’ Céh) tetrachloroethylene (PCE),
and trichloroethylene (TCE) are the primary volatile organic contnmmants found in the upper HSU in

Operable Unit 2. Trace elements occasionally exceeding background “le: ls ‘include barium, copper, nickel,

manganese, and zinc. Major anions are somewhat elevated above ba kground throughout and downgradient

of the 903 Pad, Mound, and East Trenches areas. Radlonuchde levels in the" uppe":.HSU are generally

within the tolerance limits for the background grounq,wa ¢  data, but a few samples indicate minimum
detectable amounts of plutonium and americium inv;_:.tﬁe vicinity of the 903 Pad and possibly north of the
Mound. These conclusions are based almost entirely on unvalidated data.

and, thef;fefe, the quality of ie data is unknown. The unvalidated data have been included in this work
plan and. nnhzed for planmng because, without the use of this data, there would be a very limited basis for

making initial emslons, fro ‘a chemical contamination standpoint, in determining locations of wells and
boreholes. Data" collv éd durmg the Phase II RFI/RI alluvial and bedrock sampling efforts may provide

some indication of the’ rehablhty of previously obtained unvalidated data.

The objectives of the bedrock component of the Phase II RFI/RI are to sufficiently characterize the bedrock
to support the baseline risk assessment and, if significant contamination is found, to sufficiently characterize
the nature and extent of bedrock contamination to support the feasibility study, further risk assessment, and,
if necessary, remedial design. A phased approach is required both for hydrogeologic characterization and

Phase I RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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to characterize the nature and extent of contamination. At this time it is not known definitely whether or
not contamination of the relatively deep unweathered bedrock exists.

This Phase II RFI/RI Bedrock Work Plan proposes 20 clusters of boreholes and wells that contain a total
of 20 boreholes and 38 wells. The work plan includes a field sampling plan (FSP) that establishes the scope
and criteria that will be used to redirect and expand on the sampling efforts.as necessary to accomplish the
stated goals. Therefore, the 20 boreholes and 38 wells represent an m1 1 bormg and sampling program that
will be expanded throughout the course of the RFI/RI. The reqmreme
depend on the interim results.

for the additional sampling will

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24,1991
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1.0
INTRODUCTION

This document presents the Work Plan for the bedrock component of the Phase II Resource Conservation
and Recovery Act (RCRA) Facility Investigation (RFI)/ Remedial Investi anon (RD) of'the 903 Pad, Mound,
and East Trenches areas (Operable Unit 2) at the Rocky Flats Plant Iefferson County, Colorado. A

previously prepared Alluvial Phase 1I RFI/RI Work Plan addresses charactenzatlon and the nature and

extent of contamination of soils and groundwaters above the botto

f tv é ..gpper hydrostrdtwmphlc unit

et’known whether or not the lower HSU(s) has
“during the "Alluvial"and "Bedrock" components

single REI/RI report. That report will be

itions thhm the lower, H" U of the Operable Unit 2 area. This
investigation is part of a comprehensive; e characterization, remedial investigations,
feasibility studies, and remedial/correctiv progress at the Rocky Flats Plant. These
nvironmental Assessment and Response Program
(CEARP)], a Compliance
the State of Colorado H) dated July 31, 1986, and a draft Inter-Agency

A, and CDH. The proﬂram developed hy DOE, EPA,

Study” (CMS).

11 ENV]RONME AL RES’i’ORATlON PROGRAM

The ER Program 'isv‘vt’feggjgﬁed to investigate and clean up contaminated sites at DOE facilities. The ER
Program being implemented is organized into in five major activities. The first activity, Installation
Assessment, includes preliminary assessments and site inspections to assess potential environmental concerns.
The second activity, Remedial Investigations, includes planning and implementation of sampling programs
to delineate the magnitude and extent of contamination at specific sites and evaluate potential contaminant
migration pathways. Feasibility Studies, the third major activity,evaluates remedial alternatives, and develop
Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas ' Draft Finat
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remedial action plans to mitigate environmental problems identified as needing correction during the
remedial investigations. The fourth activity, Remedial Design/Remedial Action, includes design and
implementation of site-specific remedial actions selected on the basis of the feasibility studies. Finally,
Compliance and Verification implements monitoring and performance assessments of remedial actions and
verifies and documents the adequacy of remedial actions carried out. Installation assessment has already
been completed at the Rocky Flats Plant (DOE 1986), and remedial inv sggigations, feasibility studies, and

remedial design/remedial action are currently in progress for Operab.}‘: nit 2 (903 Pad, Mound, and East

Trenches areas).

With respect to RI activities at Operable Unit 2, an initial (Phas¢ 1) field program’
1987, and a draft Phase I RI report was submitted to EPZ
International 1987a). A Phase 1I RFI/RI Work Plan tha

to characterize sources and the extent of groundwater

vas completed during
4and CDH on December-31, 1987 (Rockwell

t :pr'esents site-specific plans for further field work

ftamination in the upper HSU (surficial materials

and subcropping sandstones) was being finalized e'time of the preparation of this work plan. 1t is based

on results presented in the draft Phase I RI report Asw subsequent groundwater sampling and analysis.
This Phase 11 RFI/RT Bedrock Work Plan is based primarily-on data presented in the Phase 1l RFI/RI

Alluvial Work Plan, the result of recent and ongoing geologicaéha:ﬁra

rization studies and resulting sampling
and analysis data. An interim remedial 4
Walnut Creek north of Operable Unit 2.%Remedi

report.

he information presented in the Geologic characterization report with

n work to further refine the working model of the bedrock geology.

12 WORK PLAN SCOPE

The previous Phaéé" <1 Al} vial RFI/RI Work Plan for the 903 Pad, Mound, and East Trenches areas
presented results of thez:""l;hase I RI; defined data quality objectives (DQOs) and data needs based on that
investigation; specified RI tasks; and presented a Field Sampling Plan (FSP) for characterization of the upper
hydrostratigraphic unit (HSU), which consists of the alluvium and hydrologically connected bedrock. This
Phase II Bedrock RFI/RI Work Plan (Bedrock) includes the same basic components described above so
that the two work plans may be integrated. Much of the regional and Plant site background information

and site locations and descriptions are excerpted from the Alluvial Work Plan. The descriptions of the

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas Draft Final
Rocky FFlats Plant, Golden, Colorado January 24, 1991
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physical characteristics of and nature and extent of contamination in the upper HSU are also from the
Alluvial Work Plan.

This bedrock work plan emphasizes the development of a conceptual model to describe the bedrock
hydrogeology; nature and extent of contamination in the bedrock; release mechanisms, exposure pathways,
and receptors; and presents a field sampling plan (FSP) that will support. he baselme risk assessment. Data

were compiled from a number of sources. The following previous and on mg studies and other information

were the primary sources used in preparing this work plan (a list of referénces is presented in Section 11.0).

o Draft Geologic Characterization Report (EG G 1990a)

] Draft Task 3 Shallow, High-Resolution Seismic Reflection Profiling in the Medium Priority
Sites (Operating (sic) Unit 2) at th Rocky Flats Plant (EG&G  1990b)

o Ongoing geologic characterization pplemient the two studies referenced above)

o Phase I1 RFI/RIFS Work Plan for the 903Pad, Mound, and East Trenches Areas (EG&G
1990c)
. Recent Rocky Flats groundwater hemistry.data from RFEDS database

by combining the geologic ih

and nature and extent

the purpose of developing work plan scopes, the boundary will be
the surface of the weathered claystone. This boundary is based on the
hat has been selected for the alluvial component of the RFI/RI.  There will

e two components of the RFI/RI.  However, considering the above,

characterlzatlon of e afluvial soils and subcropping sandstones will be completed by the Alluvial RFI/RI.

Overlap will occur in the weathered claystones, where lower sandstones subcrop, and where contamination

sources are located within these contiguous and overlapping areas.

Phase 11 RFI/R1 Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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Section 1.00of this work plan presents introductory information and a general characterization of the region
and Plant site. Descriptions of site locations and histories and prior site characterization activities are also
presented in Section 1.0. Section 2.0 presents detailed descriptions of the site physical characteristics and
nature and extent of contamination, culminating in a site conceptual model that is the basis for establishing
data needs, data quality objectives (DQOs) and developing a FSP. Sectlon 3.0 presents applicable or
relevant and appropriate requirements (ARARs) developed for Operab e Umt . Section 4.0 establishes
ftual model. Sections 5.0and 6.0
1s Bedrock RFI/Rl Work Plan

treatability studies, alternatives

data needs and DQOs considering the site characterization and the conc >

summarize RFI/RI tasks and Feasibility Study (FS) tasks, respecti ely

only briefly addresses some of these tasks, such as Baseline Risk ‘:Assessmen

development, and screening and analysis, since the Alluvial R RI presen ore-detailed discussions of
them. Section 7.0presents a schedule for conducting the REI/RIFS process. A Field_:,"-‘S:ampling Plan (FSP)

1s presented in Section 8.0 to satisfy the data need "DQOs identified in Section 4.0. A Quality

< overlays. These reports are available for
review at EG&G Rocky Flats. Soil, bed _c“
appendices to the Alluvial Work Plan.

nalytical chemistry data are presented in

K groundwater chemistry data and bedrock

anal);tical chemistry data are presented in Section 2:0 of this work plan.

13 REGIONAL AND PL; SI E BACKGROUND INFORMATION
1.3.1 Background

The Rocky Flatg

for the*"]:E" ant was assigned tc
succeeded. by th _»___DOE in 197

was the prlme operatmo

Energy Research and Development Administration (ERDA), which was

Dow Chemical U.S.A.,an operating unit of the Dow Chemical Company,

ont actor of the facility from 1951 until June 1975. Rockwell International was

the prime contractor. resp0n31ble for operating the Rocky Flats Plant from July 1, 1975 until December 31,
1989. EG&G, Rocky

ats, Inc. became the prime contractor at the Rocky Flats Plant on January 1, 1990.

1.3.1.1 Plant Operations

The primary mission of the Rocky Flats Plant is to fabricate nuclear weapon components from plutonium,
uranium, and other non-radioactive metals. (principally beryllium and stainless steel). Parts made at the
Phase 11 RFI/RI Work Rlan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas Draft IFinal
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Plant are shipped elsewhere for assembly. In addition, the Plant reprocesses components after they are

removed from obsolete weapons for recovery of plutonium.

Both radioactive and non-radioactive wastes are generated in the production process. Current waste-
handling practices involve onsite and offsite recycling of hazardous materials, onsite storage of hazardous
and radioactive mixed wastes, and offsite disposal of solid radioactive matenals at another DOE facility.
However, both storage and disposal of hazardous, radioactive, and radioac| ive mixed wastes occurred on site
in the past. Preliminary assessments under the ER Program identified §‘eme of the past onsite storage and

disposal locations as potential sources of environmental contamina

1.3.1.2 Previous Investigations

Various studies have been conducted at the Rocky Flats' facility to characterize environmental media and

to assess the extent of radiological and chemical conta ses to the environment. The investigations

performed prior to and during 1986 are summarized in“Rock ;ll International (1986a) and include:

. Ap eliminary electromagnetic survey of the Plant perimeter (Hydro-Search, Tnc. 1986)

. A soil gas survey of the Plant perimeter and buffer zone (Tracer Research, Inc. 1986)

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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Other investigations since 1986 include:

] Routine environmental monitoring programs addressing air, surface water, groundwater,
and soils (Rockwell International 1975 through 1985, 1986b, 1987b, and 1989b)

In 1986, two major investigations were completed at the Plant. T ﬁrst was the ER Program Phase 1

installation assessment (DOE 1986), which included analyses

:_ractlceq and potential

environmental pathways through which contaminants could be transported. A number of sites were
identified that could potentially have adverse impacts on 'she environment. These sites were designated as

Solid Waste Management Units (SWMUs) more re 'nt / renamed Individual Hazardous Substance Sites

into three categories:

1. Hazardous waste management ill continue to operate and need a RCRA

operating permit.

~

Hazardous waste mandgement. units thit-will be closed under RCRA interim status.

hat will be investigated and cleaned up under Section

3004(u) of +Ae-0r under CERCLA. No RCRA or CERCLA regulatory distinction in
" ite,""umt;""S‘ MU, "or "IHSS"is intended in this document.

3. Inactive waste management un

Due to their" proxumtv th 903 Pad, Mound, and East Trenches areas were grouped together and designated
Operable Unit 2 A Phase I RI of Operable Unit 2 was completed in December 1987 (Rockwell
International 1987a), and'a draft Phase IT RI Sampling Plan was submitted to the EPA and CDH in June
1988 (Rockwell International 1988a). A draft final Phase I1 RI/FS Work Plan (Alluvial) was submitted to
the EPA and CDH in December 1989 (Rockwell International 1989c), and a final (Revision 0) of that
document incorporating agency comments on both draft plans was issued April 12, 1990 (EG&G 1990e).
EPA and CDH have granted conditional approval to the Alluvial Work Plan.

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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1.3.2 Physical Setting

The Rocky Flats Plant is located in northern Jefferson County, Colorado, approximately 16 miles northwest
of Denver (Figure 1-2). Other surrounding cities include Boulder, Westminster, and Arvada, which are
located less than ten miles to the northwest, east, and southeast, respectively. The Plant consists of
“and 9 through 15 of T2S, R70W,

6th Principal Meridian. Major building are located within a Plant secunty 'rea of approximately 400 acres.

approximately 6,550acres of federally owned land in Sections 1 through

The security area is surrounded by a buffer zone of approxxmately__,ﬁ,lSQ acres (Figure 1-3).

13.2.1 Topography

The natural. environment of the Plant and vicinityis influghced primarily by its proxirhiiy to the Front Range

of the Rocky Mountains. The Plant is directly east of ’he orth-south trending Front Range, located about

16 miles east of the Continental Divide. Rocky Flats

cated on a broad, eastward-sloping system

of coalescing alluvial fans at an elevation of approximate 00teet above mean sea level (MSL). The fans

extend about five miles east of the Front Range. The™? ant Complex area is located near the eastern

edge of the fans on a pediment between stream-cut gullie
Creek).

atrQyos (North Walnut Creek and Woman

1.3.2.2 Surface Water Hvdrology

Three intermittent streams

drainages are Rock Creek

reek, and an unnamed tributary drain the northern portion of the Plant

security area. These three f Walnut Creek join in the buffer zone and flow to Great Western

Plant buffe"sz zgne, ﬂowmg eastward to-Standley Reservoir. The South Interceptor Ditch lies between the
Plant and

oman Creek. The South Interceptor Ditch collects runoff from the southern Plant secumy area

1.3.2.3 Regional and Toeal Hyvdrogeology

The stratigraphic section that pertains to Rocky Flats Plant includes, in descending order, unconsolidated
surficial units (Rocky Flats Alluvium, various other alluvial deposits, valley fill alluvium, and colluviumy), the
Arapahoe Formation, the Laramie Formation, and Fox Hills Sandstone. Figure 1-4 presents a generalized

stratigraphic section of the Denver Basin bedrock, and Figure 1-5 shows a generalized stratigraphic section

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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3 FORMATION “(:"' GRAPHICS : SUMMARY DESCRIPTION

Boulder conglomerate with occasional thin siltstone lenses

=._. Yellowish—brown to grayish—olive fluvial tuffaceous claystone, siltstone, and
: sandstone interbedded with conglomerate and olive—gray mudflows

Yellowish—groy to yellowish—brown sandstone; siltstone; and claystone;
discontinuous™ conglomerate at bose

—_ Gray, fine—to—medium-~grained sandstone and silty clays; thin cocl beds in
lower part

PRTEa

Tan, fine—to—medium—grained sandstone and sandy shale

—— Dark gray, siity shale and few thin, silty sandstones

Dark gray, very calcareous shale. "Foraminifers® abundant (Smoky Hills Member)

Light gray, dense, fossiliferous fimestone (... Hays Member)

™~ Brown, sondy, fossiliferous fimestone

Dark gray shale with bentonite streaks; thin limestones in middie part; few
cone—in—cone concretions in lower part

Dark gray, brittle sitty shale (Mowry)

— Light dgro:.vy, fine—to—medium—grained sandstone, several dark gray shales
in middie part

—— Light gray, fine—to—coarse—grained, locally conglomeratic sandstone; frequent
red and )éreen siltstone integoeds . Y 9 )

— Gray to reenish-—gggz to red shale and siltstone; thin limestones in middle
part; lenticular sandstones in upper and lower part

.4\-— Light tan siltstone and fight red; sity shaie; gypsiferous; sandstone at base
2.2, and locally c:ongiomem‘kicg _

— >~ Red siltstone with two laminoted fimestones in lower part

Grayish—white, fine—~to~medium—grained cross—bedded sandstone;
conglomeratic lenses frequent :
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Rocky Flats Alluvium
0-98°*

sand #1: 0-27.2°

sand #2: 0-10°

sand #3: 0-16*

sand #4: 0-15°
sand #5: 0-9'+

Arapahoe Formation
250°

basal sand: 14-37°

upper interval
407

Laramie Formation

692"

lower intervai
285"

1000

Fox Hills Sandstone

; : 80"
1080
% ‘ Plerre Shale and older
LEGENTD
%d  Alluvium i‘::;:::ned

Fine-grained and
coarser sandstone

E Siltstone and
claystone

Silty sandstone

Coal

EG&G, 1991b

Clayey Sandy Graveis -

light brown to yellowish-crange, grayish-orange to dark
gray, poorly sorted, angular to gubrounded, cobbles.
coarse gravels, coarse sands and gravelly clays; varying
amounts of caliche

Claystone Siitstones, Clayey Sandstones,

Sandstone -

light to Wedium olive-gray with some dark olive-black
claystone and silty claystone and at least six smppable,
light to olive-gray, very fine to medium grained,
moderately sorted fluvial sandstone intervals; weathered
intervals may be yellowed, and basal sand is often
conglomeratic

Claystones -

kaolinitic, light to medium gray claystone and @iltstone
and some dark gray to black carbonaceous claystone, thin
{2*) coals and thin discontimious sandstone intervals

Claystones -

light to medium gray, fine to coarse grained, poorly to
moderately sorted, silty, immature quartzitic sandstone
with mumerous lenticular, sub-bituminous coal beds and
seams that range from 2°' thick in the upper lower
interval to 8°' thick at the base of the lower interval

Sandstones -

grayish-orange to light gray, calcareous, fine grained,
subrounded, glauconitic, feldspathic, friable sandstone

DRAFT.

units

U.S. DEPARTMENT OF ENERGY
Rocky Flats Plant, Golden, Colorado

OPERABLE UNIT NO. 2
PHASE 1l RFI/Rl WORK PLAN (BEDROCK)

LOCAL STRATIGRAPHIC SECTION
OF THE ROCKY FLATS PLANT

FIGURE 1-5
Jenuary, 1991




of the Rocky Flats Plant, including unconsolidated deposits. Figure 1-6 depicts the erosional surfaces of
alluvial deposits east of the Front Range, Colorado. Groundwater occurs under unconfined conditions in
both the surficial and shallow bedrock units. In addition, confined groundwater flow oceurs in deeper

bedrock sandstones (e.g.,Fox Hills Sandstone).

Rocky Flats Alluvium

The Rocky Flats Alluvium underlies a large portion of the Plant. THe a ﬁvium is a broad deposit consisting

of a topsoil layer underlain by up to 100 feet of varying amounts

fv‘_,si' ,e}a;':"”sagd, and gravel. Unconfined

groundwater flow occurs in the Rocky Flats Alluvium, which, is relalively permeable.  Recharge to the
alluvium is from precipitation, snowmelt, and water losses from ditches, streams, dnd ponds that are cut into

the alluvium. General water movement in the Rocky | ats” Alluvium is from west to east and toward the

drainages. Groundwater flow is also controlled by pediment drainages in the top of bedrock. Groundwater

. during the spring and decline during the

eps in the colluvium that covers the contact
Most seeps flow intermittently. The

It does not directly supply water

Louviers alluvial depgsits

in the active stream chah

sthese surficial deposits. Recharge occurs through precipitation,
periods of surface water runoff, and by seeps discharging from the Rocky
s through evapotranspiration. and by seepage into other geologic formations,

rection of groundwater flow is generally easterly and downslope through

colluvial materials an | then aléng the course of the stream in valley fill materials. During the relatively short

periods of high sutface wa ér flow that periodically occur, some water is lost to bank storage in the valley

fill alluvium and then réturns to the stream after the runoff subsides.

Phasc 1T RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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Arapahoe Formation

The Arapahoe Formation underlies surficial materials beneath the Plant. This formation is a fluvial deposit

composed of overbank and channel deposits. It consists

silty sandstones beneath the Plant. Geologic characteri

Flats indicates sandstones occur in stream channel-shaped

primarily of siltstones and claystones, with some

zeTion of the Arapahoe Formation beneath Rocky

structures. tal: formation thickness varies up

to a maximum of 270 feet (Robson et al. 1981a), and the unit is nearly drizontal beneath the Plant (less

than two degree dip) (EG&G 1990a and 1990b). The charinel sand§ ones:

of predominantly fine-grained sands and silts, and their hydraulj

that of the overlying Rocky Flats Alluvium. The Arapa

studies contains more clay and silt than typically described

Formation.

The Arapahoe Formation is recharged by ground

streams. The main recharge areas are under the Roc

groundwater flow in the Arapahoe formationis

Basin (Robson et al. 1981a

conductivity

s

any unitsﬁbel oW

The lower umt of the Laramx Formation and the un

important dquer in the I er Basin known as the La

basin, the aquer thy

ess;ranges from 200 to 300 feet.

seen in clay pits excavated through the Rocky Flats Alluv
of the Plant (approximately a 50° dip) quickly flatten td
1990b). Recharge to the aquifer occurs along the rather |

and infiltration along the Front Range (Robson et al. 19

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas

Rocky Flats Plant, Golden, Colorado
22578E/R1.1 01-24-91/RPT/2

ithin the claystone are composed

noc

he Arapahoe Formation and is composed of two units: a thick upper

The claystone is greatdr than 700 feet thick and is of very low hydraulic

76) concluded that Plant operations willnot impact

Formation.

derlying Fox Hills Sandstone form a regionally
ramie-Fox Hills Aquifer. Near the center of the
These units subcrop west of the Plant and can be
ium. The steeply dipping beds of these units west
» the east (less than 2° dip) (EG&G 1990a, and
imited outcrop area exposed 'to surface water flow

81b).

Draft Final
January 24, 1991
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1.3.2.4 Meteorology

The area surrounding the Rocky Flats Plant has a semiarid climate characteristic of much of the central
Rocky Mountain region. Approximately 40 percent of the 15-inch annual precipitation falls during the spring

season, much of it as wet snow. Thunderstorms (June to August) account for an additionat 30 percent of

the annual precipitation. Autumn and winter are drier seasons, accounting-for 19 and 1{ percent of the

annual precipitation, respectively. Snowfall averages 85 inches per year»-’":f ing from October through May

(DOE 1980).

Speciai attention has been focused on dispersion meteorology sdrrodnding th Pl;h due to the potential for
significant atmospheric releases of contaminants affecting t » Studies of air flow
and dispersion characteristics {e.g.,Hodgin 1983 and 198:  indicate that drainage ﬂows (wmds coming down
off the mountains to the west) turn and move toward the sorth and northeast along the South Platte River

valley and pass to the west and north of Brighton, Colgrado (DOE 1986).

1.3.3 Surrounding Land Use and Population Densi

Adams County (10 percent). According to“the

2.2 million people live within 50 miles of the Rocky
100 people lived within five miles of the Plant in 1989

sector was to the southeast, toward the center of Denver. Recent

the 1980s, Be tWeen 1980 and 1985, thé population of the eight-county region increased by 197,890,a 2

percent_:.ann_tg_al growth rate. Between 1985 and 1989,a population gain of 71,575was recorded, representing

a l.Ope"rcagtﬁéihnpal increa the national average). The 1989 population showed an increase of 2,225 (or

0.1 percent) from the sa fe in 1988 (DRCOG 1989).

There are 8 public schoolé within 6 miles of the Rocky Flats Plant. The nearest educational facility is the
Witt Elementary School, which is approximately 2.7 miles east of the Plant buffer zone. The closest hospital
is Centennial Peaks Hospital, located approximately 7 miles northeast. The closest park and recreational
area is the Standley Lake area, which is approximately 5 miles southeast of the Plant. Boating, picnicking,
and limited overnight camping are permitted. Several other small parks exist in communities within 10 miles.

The closest major park, Golden Gate Canyon State Park, located approximately 15 miles to the southwest,

Phase 1T RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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provides 8,400acres of general camping and outdoor recreation. Other national and state parks are located

in the mountains west of the Rocky Flats Plant, but all are more than 15 miles away.

Some of the land adjacent to the Plant is zoned for industrial development. Industrial facilities within 5

miles include the TOSCO laboratory (a 40-acre site located 2 miles south), the Great Western Inorganics

Plant (2 miles south), the Frontier Forest Products yard (2 miles south) th Idealite Lightweight Aggregate

Plant (2.4 miles northwest), and the Jefferson County Airport and Ind tnal Park (a 990-acre site located

4.8 miles northeast).

Several ranches are located within 10 miles of the Plant, primarily in Jeffer‘son.,_,:grvxd“" gulder Counties. They

are operated to produce crops, raise beef cattle, supply milk, and breed and trai}{a.._hggs:es. According to the

1987 Colorado Agricultural Statistics, 20,758acres of crops.were planted in Jefferson County (total land area
of approximately 475,000acres) and 68,760acres ‘ ps were planted in Boulder County (total land area

of 405,760 acres).

Crops consisted of winter whe

of cattle, 2,216 hogs, and 12,133 sheep in Boulder Co nty (Post, 1989).

A variety of plant life thrives within the Plant boundary. Included are species of flora representative of tall

e, and foothill ravine regions. None of these species are on

e“yegetative cover along the Front Range of the Rocky

~of-.disturbance-sensitive grass species such as big bluestem

occurred, as evidenged

(Andropogon gerardii) 4

hazardous wast;

wectem prame regions. The most common large mammal is the mule deer (Odocoileus lemionus), with
an estlmated 1@0 to 125 pe manent residents. There are a number of small carnivores, such as the coyote

(Canis latranq) red (Vulpes fulva), striped skunk (Mephitis mephitis), and long-tailed weasel (Mustela

frenata). A profusxan of sthall herbivores can be found throughout the Plant and buffer zone, species such
as the pocket gopher :::(Thomomys sp.), white-tailed jackrabbit (Lepus tounsedii), and the meadow vole
(Microtus pennsylvanicus) (DOE 1980).

Commonly observed birds include western meadowlarks (Sturnella neglecta), horned larks (Eremophila
alpestris), mourning doves (Zenaidura macroura), and vesper sparrow (Pooecetes gramineus). A variety of

ducks, killdeer (Charadrius vociferus), and red-winged black birds (Agelaius phoeniceus) are seen in areas

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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adjacent to ponds. Mallards (Anas platyrhynochos) and other ducks (Anas sp.) frequently nest and rear
young on several of the ponds. ‘Common birds of prey in the area include marsh hawks (Circus cyaneus),
red-tailed hawks (Buteo jamaicensis), ferruginous hawks (Buteo regalis), rough-legged hawks (Buteo
lagopus), and great horned owls (Bubo virginianus) (DOE 1980).

Bull snakes (Pituophis melanoleucus) and rattlesnakes (Crotalus sp)arethe most frequently observed
reptiles. Eastern yellow-bellied racers (Coluber constrictor) have alsg 'Sbg_eh reported on the site, but these

and other lizards are not commonly observed. The western painted»_ﬁ:tiirvtl

Chrysemys picta) and the western
plains garter snake (Thamnophis radix) are found in and arougd' may-of the- ponds (DOE 1980).

1.4 SITE LOCATIONS AND DESCRIPTIONS

This Bedrock RFI/RI Work Plan addresses Operab Upit 2, which contains the 903 Pad, Mound, and East

Trenches areas located on the east side of Rocky Flats/Security-area. Several sites are included in each area.

well International (1987¢). Since then, the

903 Lip Site (j:_IHSS Ref. No. 155)

' Site (IHSS Ref. No. 109)

. Reactive Metal Destruction Site (IHSS Ref. No. 140)
. Gas Detoxification Site (JHSS Ref. No. 183)

Descriptions of each site within the 903 Pad Area are provided in the following sections.

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
22578E/R1.1 01-24-91/RPT/2 Page 1-18



1.4.1.1 903 Drum Storage Site (IHSS Ref. No. 112)

The 903 Drum Storage Site is located in the eastern portion of the Plant security zone. This area was used
from October 1958 to January 1967 for storage of radioactively contaminated oil drums (Calkins 1970).

Presented below is a description of drums stored at the drum storage site from Calkins (1970).

"Most of the drums transferred to the field were nominal 55-gdllos drums, but a significant number
were 30-gallon drums. Not all were completely full. Ap ro imately three-fourths of the drums

were plutonium-contaminated, while most of the balance ontame -uranium. Of those containing

plutonium, most were lathe coolant consisting of a ‘ra ght cham hydrocarbon mineral oil (Sell

Vitrea) and carbon tetrachloride in varying pro oru Other ll(]Ul(]S were involved, however,

including hydraulic oils, vacuum pump oil, trichloro H ylene, perchloroethylene, silicone oils,acetone

still bottoms, etc. Originally, contents of;" Irums were indicated on the outside, but these

markings were made illegible through wegathéring

d no other good records were kept of the

contents. Leakage of the oil was recog

(Dow Chemical 1971). Corrective action

drums and fencing the area to restrict

Figure 1-8 outlines diu:

historical aerial ph

resonly brx‘eﬂy stored at the southeast corner. It appears that the drums stored

south of the fenced area were placed at this location during cleanup operations, as they appear only in the
1968 aerlal photm

The shipment of ,,rlif'n o the 903 Drum Storage Site ended in January 1967, when drum removal efforts
began. Removal of )

fums and wastes was completed in June 1968.
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370 ft

Original Drum Field Fence—/
[ Edge of 903 Asphalt Pad

395 ft

EXPLANATION

AREA OF SOIL STAINING BASED ON AERIAL PHOTOGRAPHS FROM:

4/29/67, 4/10/68, 5/24/69.

BARREL STORAGE LOCATIONS BASED ON AERIAL PHOTOGRAPHS FROM:
5/5/63, 4/29/65, 4/29/67, 9/10/68.

- F——

NOTE: BUILDING 903 LOCATION BASED ON AERIAL PHOTOGRAPHS FROM 4/10/68.

DRAFT -

U.S. DEPARTMENT OF ENERGY
Rocky Flats Plant, Golden, Colorado

OPERABLE UNIT 2
PHASE 11 RFI/RI WORK PLAN (BEDROCK) -

APPROXIMATE LOCATIONS OF DRUM
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~, sludge re amed after removal of the oil. This sludge varied in depth from 1/2 inches to

Presented below 1s a chronology of the 903 Drum Storage Site cleanup, as described by Freiberg (1970).

"From January 23, 1967, through March 10, 1967, uranium oil drums which were in good

condition were transferred to Building 774 and processed.

"Building 903...on March 10, 1967, started processirig Lol drums. This building was

designated to prefilter the oil prior to transferring ptutodium contaminated oil to Building

774 for final processing.

"From March 10, 1967 through "May 18,1967
contaminated oil filtered and shipped to Building 774.

191 drums of plutonium

"On May 18,1967, operations at bu ding 903 were discontinued due to the amount of time

this process was taking.

18, ]967,ahd the drums were [SIC] shipped
to Building 774 without prior filtration irllxw':’Bu"dlhg__v_903.

"Drum-to-drum transfer in the field began May

"From March 17, 1967thr
were 297 drums of uran m

processed.

nd averaged approximately 1inch. By drum counter results the sludge within the

unémp}ty drums contained a total of 5,152grams (315.8Ci) of plutonium. These empty drums

were later disposed of by adding Oil Dry and MicroCel to absorb the sludge. The drums
containing the plutonium sludge and absorbent were then incased in plastic, placed in
boxes, and shipped to the burial grounds.” [The location of the burial grounds is not
provided by Freiberg (1970).
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There were originally a total of 5,237drums at the drum storage site when cleanup operations began in 1967,
After transfer of the contents to new drums, 4,826 drums, of which 3,572 drums contained plutonium-
contaminated oil, were transported to Building 774, This leaves the contents of 411 drums unaccounted-for.
The most probable explanation for this discrepancy, according to Freiberg (1970), is a combination of the

following factors:

. All of the drums originally sent to the storage site w. Te riot completely full.

onto the ground at the drum storage site. This estirn

involved in site operations. Based on oil sample “ta

was 4.54x 107 grams per liter (g/1) [280 pico Curié; liter (pCi/l)]. Thus, approximately 86 g (5.3 Ci) of

plutonium were released to soils at the drum storage site- Frieberg 1970).

October 1969, and in February 1970 additional road

st and south of the asphalt pad due to soil contamination

The pad dips sh
r§ (cm) (3.2inc es) thick and it is underlain by approximately 15 cm (6 inches) of loose gravel
fill dirt (Navratil et al. 1979).

1412 903 Lip Site {HSS Ref. No. 155)

During drum removal and cleanup activities associated with the 903 Drum Storage Site, winds redistributed
plutonium beyond the pad to the south and east. An estimated 1 Ci (16.3 g) of plutonium was redistributed
beyond the asphalt pad and, of that 1 Ci, approximately 0.56Ci (9.1 g) is believed to have been deposited
in the 903 Lip Site (Barker 1982). The most contaminated area was immediately adjacent to the pad to the

south and southeast. Surveys at the time showed a maximum plutonium concentration of 2,258 picoCuries
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per gram (pCi/g) [5,680disintegrations per minute per gram (dpm/g)] in the top 5 cm (2 inches) of soil at
the 903 Lip Site (Barker 1982).

Soil cleanup efforts were undertaken in 1976,1978,and 1984 to remove plutonium- contaminated soils from
three different areas within the 903 Lip Site. The 1976 soil removal operation began in June 1976 and ended

ils from an area in the vicinity

in September 1976. This cleanup consisted of hand-excavating contaminated-
of the Reactive Metal Destruction Site until soil contamination levels.weré below the detection limit of the
Field Instrument for Detection of Low Energy Radiation (FIDLER). The detection limit of the FIDLER

is 250 counts per minute (cpm). The FIDLER "counts”are an; hstmmen dependent measure of surface

he excavated area was covered
a td't"‘:al of 125,000pounds,
were removed and shipped offsite for disposal during thé 1976 cleanup (Barker 1982). The offsite disposal

activity and cannot be converted to plutonium concentration sin the soil.

with clean top soil and reseeded with native grasses. Thlrty»ﬁ\re boxes, weigh

ra yologlcal surveys have been conducted to further

location was not provided by Barker (1982). Recen

assess radioactive contamination. These include an aérial gamma survey conducted in July 1989 (EG&G

1990¢) and a ground-based gamma survey condiigted “in 199

The 1976 soil-removal technique of hand-excavation cient, considering the large amount of
contaminated soils requiring removal a

north of the 1976 removal using a fron ¢

(appr0x1mately 250 cpm by a FIDLER survey) were
| area, and the site was revegetated with native grasses.

pproximately 4.7 million pounds, were removed and

A third:
wall pdﬂets o ontammated sof were removed from the area. The excavated area was backfilled with clean
topsoil (Setlock 1984)

' cleanup was p med along the eastern edge of the 903 Lip Site in 1984. A total of 214 tri-

1413 Trench T-2 Site.(IHSS Ref. No, 109)

Trench T-2 is located south of the 903 Drum Storage Site and west of the Reactive Metal Destruction Site,
within the 900 Area (Figure 1-6). This trench was used prior to 1968 for the disposal of sanitary sewage

sludge and flattened drums contaminated with uranium and plutonium. This trench is believed to measure
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approximately 15 feet wide by 200 feet long by 5 feet deep (Rockwell International 1987c). Barrels were

noted in the western end of Trench T-2 during 1987 investigations.

1.4.1.4 Reactive Metal Destruction Site (IHSS Ref, No. 140)

The Reactive Metal Destruction Site is located on the hillside south of :t_h:'é»v.:.:ﬁ903 Drum Storage Site (Figure
1-6). This site was used during the 1950s and 1960s primarily for the’:‘:vdes“t"ruction of lithium metal (DOE
1986). Approximately 400 to 500 pounds of metallic lithium were des oyed on the ground surface in this

area and the residues, primarily lithium carbonate, buried (I]]slé

“§maller unknown quantities of

sodium, calcium, magnesium, solvents, and unknown liquids;

¢ also destroyed at this location (Illsley
1978).

Based on review of historical aerial photography, the/Reactive Metal Destruction Site was used from 1968

S 140 during 1987 investigations.

the present landfill.

longer be detectable ,

1.42 Mound Area

. Oil Burn Pit No. 2 Site (IHSS Ref. No. 153)
. Pallet Burn Site (IHSS Ref. No. 154)

These sites are described individually below.
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1.42.1 Mound Site (IHSS Ref. No. 113)

The Mound Site, located north of Central Avenue in the eastern Plant security area, was used between April
1954 and September 1958 for drum disposal. Approximately 1,405 drums containing primarily depleted
uranium- and beryllium-contaminated lathe coolant (a mixture of about 70 percent hydraulic oil and 30
percent carbon tetrachloride) were placed at the Mound Site (Rockwell International 1987c). [Records do
not indicate that the barrels were actually buried (Calkins 1970)]. It 1shke]y that some of the coolant also
contained enriched uranium and plutonium (Rockwell Intemationg{:‘f 1987c) Some drums also contained
Perciene (Smith 1975): Perclene was a brand name of tetrachlo E(”Sax_y_and Lewis 1987). Some of the

(Réckwelt-International 1987c).

drummed wastes placed in the Mound Site were in solid fo

Cleanup of the Mound Site was accomplished in May 197 0,and the materials removed were packaged and

£

shipped to an offsite DOE facility for disposal. Listed E}é'iow 1s an inventory of the 1,405 drums removed
from the Mound Stte in 1970 (Dow Chemical 197

No. of Drums

903

was so low that it was:mea urable only by the most sensitive laboratory

Jow Chenﬁcal

Subsegj_ﬁem:,,_,§urﬁcial soil salﬁplgng in the vicinity of the excavated Mound Site indicated 0.8to 112.5dpm/g
(0.4 to‘“51-.-.,,p(ff'i'/'g.,)¢__ activity Tlals radioactive contamination is thought to have come from the 903 Drum
Storage Site‘v‘Via,&\yﬂ da.di,pcérs on rather than from the Mound Site, as it was limited to the surface (Rockwell
International 198

1.4.2.2 Trench T-1 Site (IHSS Ref. No. 108)

The trench was used from 1954 until 1962 and contains approximately 125 drums filled with approximately
25,000kilograms (kg) (55,115pounds) of depleted-uranium chips (Dow Chemical 1971) and plutonium chips
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coated with small amount of lathe coolant (Rockwell International 1987¢). The estimated dimensions of
Trench T-1 are 15 feet wide by 200 feet long by S feet deep (Rockwell International 1987¢). Trench T-1 was

covered with about two feet of soil, and the corners were marked (Rockwell International 1987c).

Weed-cutting activities in October and November 1968 unearthed two drums inadequately covered with fill

material. Both drums were sampled and analyzed for total plutonium and:uranium contents before they

were disposed offsite (Ilisley 1983). The offsite disposal location was: yot‘:vvprovided by Illsley (1983). One

of the drums sampled contained an oil-water mixture with 55 pCifl o plutonium and 2.3 x 10° pCi/l of
uranium. The other drum contained an oily sludge with 4.6 p€

uranium (Ilisley 1983).

lutonium and 1.2 x 10° pCi/g of

1.4.2.3 Qil Burn Pit No. 2 Site (IHSS Ref. No. 153)

Oil Burn Pit No. 2 is actually two parallel trenche

approximately 1,082drums of oil containing uraniu

contents of approximately 914 drums wéf 'bumed vdurmg this timef The drums used for the oil buming

the 1970s (DOE 1986). Two locations for the Pallet Burn Site are shown

location was reported by Owen and Steward (1973). However, based on

The eastern

location was identif from 1963 and 1965 aerial photography of the area.
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1.4.3 East Trenches Area
The East Trenches Area consists of nine burial trenches and two spray irrigation sites. These sites are:

. Trench T-3 (IHSS Ref. No 110)

N Trench T-4 (IHSS Ref. No. 111.1)
. Trench T-5 (IHSS Ref. No.

. Trench T-6 (IHSS Ref. No.

. Trench T-7 (IHSS Ref. No.
. Trench T-8 (IHSS Ref. No
d Trench T-9 (THSS Ref.

. Trench T-10 (IHSS Ref.
. Trench T-11 ]
. East Spray

Irrigation Sites

10 and 111.1-111.8)

These trenches, as well as, 1 1954 to 1968 for disposal of approximately 125,000

kg of sanitary sewage

planking frgr;_;r':the solar evaporation ponds (lllsley 1983).

Accordin toI ley (1983), samples were collected from Trenches T-9, T-10,and T-11,and the results were

as follbws:

“Samples from*T-11 contained plutonium in the ranges from 4.5to 50 pCi/g and uranium-238 in
the range between 0.9 and 158 pCi/g. Trench T-10 was found to contain. uranium in the range
between 40 and 126 pCi/g and Pu-239 in tvhe range from 0.18 to 14 pCi/g.... Plutonium
concentrations in collected samples varied from 0.40to 68 pCi/g and uranium was found in the rage

between 2.4 and 450 pCi/g in Trench T-9."
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The sampling dates and collection methods of these samples are unknown.

1.43.2 East Spray lrrigation Sites (IHSS Ref. Nos. 216.2 and 216.3)

THSS numbers 216.2 and 216.3 were used for spray irrigation of sewag

reatment plant effluent. These
areas have been designated as IHSSs because effluent containing | ncentrations of chromium was
inadvertently sprayed in the area in February and March 1989. The, hromium entered the sanitary sewage

cid in Building 444 (Rockwell

rom

treatment plant on February 3, 1989, subsequent to a spill of,
International 1989d).

1.5 PRIOR SITE CHARACTERIZATION

Site characterization activities have been conducted” atsRocky Flats over approximately the past 30 years.

Drilling programs initiated in 1960 resulted in t! ructionrof 56 groundwater monitoring wells Plant-

known about the constructiof

the majority of the bor

‘»I__YRI consisted ojf-"t e following field activities:

fagnetic, resistivity, and magnetometer geophysical surveys
. A soil gas survey

o Soil sample collection from 33 boreholes

Completion of 10 Alluvial and 14 bedrock monitoring wells
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] Groundwater sampling of new and previously existing wells

. Slug testing of 13 wells

o Packer testing of cored bedrock wells

. Collection of 22 surface water seep samples

. Air monitoring for total long-lived alpha, plutoni m,,?_‘an“d volatile organics during field
activities '

In addition to the Phase I investigation at the 903 Pad, Mound, and East Trenches aféas, several monitoring

wells were installed in these area as part of a Plant-wide hydrologic investigation in 1986 (Rockwell

International 1986¢). Surface water, soil, and air samples have, also been collected at these areas as part of

various investigations. The Phase II RFI/RI Work Plan Allu(;ial) presents a more complete summary of
the Phase I RI than this bedrock work plan does. Th

other previous work that are pertinent to bedrock characterization

s work plan presents data from the Phase 1 RI and

Radiological surveys of the ground
d in the Alluvial Work Plan. These

identified inconsistencies in the methods that had been
geologic data. As a result, a project was initiated to
the Rocky Flats Plant by conducting a literature review reclassifying
e g standardized procedures, conducting further laboratory testing on
obt ned samples, ;

prewousl rocessing seismic data, and then reinterpreting the geology based on all

availal;lé data.

Interim resilts of ‘this ongoi

&

g study are presented in a draft report (EG&G 1990a). That report presents

summaries of strati,

‘aphy and structural geology of the area and regions, the current working model of Plant

geology, conclusions ‘baséd on the working model, and recommendations for further work required to

continue the ongoing characterization.

Shallow, high-resolution seismic reflection profiling (EG&G 1990b) has been conducted to supplement the
ongoing geologic characterization efforts. A primary focus of the seismic work has been to delineate both

subcropping ‘and confined channel sandstone units in the predominantly claystone Arapahoe Formation
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bedrock. EG&G (1990b) presents the reduced data and interpretations based on 14 seismic reflection lines
in the Operable Unit 2 area.

1.5.3 Phase II RFI/RI Work Plan (Alluvial)

The Phase II RFI/RI Alluvial Work Plan (EG&G 1990c) presents d@f:axl‘ d summaries of data obtained

during the Phase T RI. However, both the data and the discussio

site hydrogeology and nature and
extent of contamination concentrate on the geologic materials aﬁd groundwater contained in the upper
hydrostratigraphic unit (HSU). The FSP contained in the Alluvial'W

of the upper HSU (subsurface sediments above the conceptual

Work Plan addresses the investigation

figure 1-1).
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2.0
SITE CHARACTERIZATION

This section describes the current understanding of the site physical characteristics, the nature and extent
of contamination, and potential pathways to human receptors or the
Existing data were obtained from previous site investigations as mmarized in Subsection 1.5. The
description of site characterization presented in this work plan inclqdés exéerpts from the Alluvial Work Plan
(EG&G 1990c), but it concentrates on the assimilation of da { pertinent to" charactenzmg the bedrock.

Much of the bedrock data were included but not evaluated in the klluvml Work Plsn The description of
site physwal characteristics and nature and extent of contannnatlon presented in Subsectlons 2.1and 2.2,

environment in Operable Unit 2.

respectlvely, were combined to develop a site conceptual model Subsection 2.3.
2.1 SITE PHYSICAL CHARACTERISTICS

The physical characteristics of the region and plant site esented in Subsection 1.3. Site locations and

descriptions, including historical accounts_of site activities, a esented in Subsection 1.4. This section of

the work plan summarizes existing suhsurface dita-. -and presents 'ﬂie current working model of the site
tlgraphlc unit(s) (HSU) underlying the upper

geohydrology, emphasizing bedrock geologyan
HSU.

2.1.1 Geology

2.1.1.1 Surficial Geolg;gg"
Surficial materials at the 903 Pad Mound, and East Trenches areas consist of the Rocky Flats Alluvxum,

, uviuin.that extends eastward from the Plant. The Rocky Flats Alluvium
consists of a poorly to modera ely sorted, poorly stratified deposit of clays, silts, sands, gravels, and cobbles.
A portlon of the 903 Pad Area extends south off the pediment toward the South Interceptor Ditch.

of the Mound a:nd East vTreuches areas. Valley fill alluvium is present in the drainage of Woman Creek
south of the 903 Pad" and Eést Trenches areas and in the South Walnut Creek drainage north of the Mound

Area.

Buried paleodrainages and ridges eroded into the Arapahoe Formation bedrock surface are present at the
base of the Rocky Flats Alluvium (Figure 2-2). A relatively small paleogully is present, starting near the
southeast corner of the Mound Area and extending southeast, where it is truncated by the hillside. A larger
paleogully starts south of the east end of the East Trenches and trends northeast, traversing the central
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portion of the East Trenches. A paleoridge is present on the north side of this paleogully, starting in the
Mound Area and trending east-northeast across the northwest portion of the East Trenches Area. A
topographic high in the bedrock surface occurs on the south side of the larger paleogully, just south of the
central portion of the East Trenches.

2.1.1.2 Bedrock Geology

Significant work has been conducted recently to refine the chatactenzatxo :--b..:.of the bedrock at Rocky Flats.
A draft Geologic Characterization Report addressing Rocky E

a comprehensive literature search, reprocessing and escnbmg prev1ously obtamed core - samples,

reprocessing previously obtained seismic data, and collect and analyzing selected samples for grain size
analyses. The geologic characterization is an on-going p1 ogram that willincorporate all geologic information
g geologi - model. In addition to these efforts, high-

rable Unit 2 area (EG&G 1990b). These
two studies were conducted concurrently and the description f bedrock geology presented in this work plan
utilizes the results of both. The Rocky Flats site-wide geologi

Plant-wide for continued refinement of the worki

resolution seismic reflection profiling was condug

aracterization study is ongoing.
Is at the 903 Pad, Mound, and East

The Cretaceous-age Arapahoe Formation..underlies surficial mat

the stream channel or on the stream flood plain. Channel fill deposits are
y a reduction in stream discharge or by cutoff of a meander (formation of

Based on prev1ous mvmlg ions the on-going geologic characterization by EG&G, bedrock in the 903 Pad,
Mound, and East Trenches areas is predominantly claystone (EG&G 1990c). However, six channel
sandstone intervals have been preliminarily identified beneath the Rocky Flats Plant. These are general

stratigraphic intervals, each of which contains sandstone only at some locations. They have been sequentially
numbered according to increasing depth. Thus, Arapahoe Sandstone No. 1 is the uppermost sandstone,
which subcrops in many areas. Arapahoe Sandstone No. 6 is present at or near the base of the Arapahoe

Formation.
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Generally, the Arapahoe Sandstones that occur within 30 to 40 feet of the base of the alluvium are oxidized
and are pale orange, yellowish-gray, and dark yellowish-orange. The sandstones that are not in the
weathered zone are light gray and olive-gray. Most of the sandstones are very fine-to-medium grained,
poorly-to-moderately sorted, subangular to subrounded, silty,clayey,and quartzitic, with trough and planar
cross-stratification. The claystones and silty claystones are hght-to-medmm olive-gray, occasionally olive-
black with some dark yellowish-orange claystones in the weathered mtervals near the base of the alluvium.
The yellowish-orange and yellowish-brown color is the result of th 1ron ox1de staining.

The draft Geologic Characterization Report (EG&G 1990a) iricluded m ing the estimated areal extent
of Arapahoe Sandstone Nos. 1, 3, and 4. The lateral exte: of ¢hannel deposxts in each of these lithologic
intervals was estimated based on previous borehole inf

ion. Figure 2-3 shows the estimated lateral
extent and thickness isopachs of the Arapahoe Sandsto e No. 1, and Figures 2-4 and 2-5 show the estimated
lateral extents of the Arapahoe Sandstone Nos. 3 and
5 intervals in several boreholes in the Operable Unit 2 ] wever, there was not sufficient information
to estimate the lateral extent of sandstones within these intervals. Figures 2-6A and 2-6B, 2-7A and 2-7B,
and 2-8A and 2-8B show cross sections depicting the Arapahoe “Sandstone intervals along three alignments
through the Operable Unit 2 area. The ahgnments A-A, B-BP"' “an -G’ are shown in Figures 2-3, 2-4, and

tone was also found in the Number 2 and

""known to subcrop beneath the Rocky Flats Alluvium
is believed that nearly the entire area shown as the

of subcropping Arap:: . 1, and“since significant contamination has been found in this
uppermost sandstone i rval all f-the Arapahoe Sandstone No. 1 is presumed to be within the upper HSU.
Therefore, the conceptual “boun between the alluvial and bedrock components of the RFI/RI passes
beneath the Ara ahoe § dsto; Figure 1-1shows the conceptual boundary between the alluvial and

bedrock components of thi RFI/RI “Although there are areas where the lower sandstone units may subcrop

slopes, the areal extent of these subcrops is estimated to be relatively small
and the san&stone units are no considered to be in the upper HSU. Therefore, they willbe treated as part

High-resolution selsrmcre ection profiling (EG&G 1990b; Rockwell International 1989g) was conducted
to help refine the workii:g model of the bedrock geology, particularly in the Operable Unit 2 area. There
are some differences between the draft Geologic Characterization Report and the high-resolution seismic
reflection profiling report in the estimated thickness and areal extent of the Arapahoe Sandstone No. 1.
Since the Arapahoe Sandstone No. 1 is considered to be within the upper HSU, further characterization of
it and resolution of differences between the Geologic Characterization report and high-resolution seismic
profiling results will be part of the alluvial RFI/RI activities.

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
22578E/R1.2 02-01-91/RPT Page 2-5



In general, the high resolution seismic reflection profiling was not conducted in the areas where the
Arapahoe Sandstone Nos. 3 and 4 were indicated in the draft Geologic Characterization Report. Therefore,
it was not determined by the seismic work conducted to date whether there may be relatively large and
continuous channel deposits within these lithologic intervals as depicted in Figures 2-4 and 2-5, or whether
the occurrence of fluvial channel sequences in these intervals is more localuwd and discontinuous. The high-
resolution seismic reflection profiling report indicated the presence of two relatlvely small areas of relatively
thick channels. The areal extents of these sandstones are shown ;n F'gures 2-4 and 2-5, and the depths
indicated by seismic results are shown in section in Figure 2-8/ | : are_indicated to be 50 to 60 feet
thick, compared to the 10-to 20-foot thickness generally indicat he. intsrvals described in the draft
Geologic Characterization Report. However, the interpretation of the seismic data 1sbased to a large extent

on estimates of seismic velocities. The investigation described in this work plan will include boreholes at
these locations to help correlate seismic velocities w1th l'thology The ongoing geologic characterization by
EG&G may include further work to assist in refining these interpretations. There appears to be a potential

for the sandstones inferred from the seismic work to correspond-to the Arapahoe Sandstone Nos. 3 through

5 intervals.

Table 2-1 presents a tabular summary . -of.Jith logy, well scréen intervals, and the depth of the contact
s'RFI/RI based on wells and boreholes drilled into the
face. e evatlons in Figure 2-2 and Arapahoe Sandstone

between the alluvial and bedrock components of
bedrock. This information, along with the bedrock
No. 1 isopachs shown in Figure 2-3, was usedto d
(Figure 2-9). Note that, based

elop a contour map of the base of the upper HSU

igure 1-1:,"?‘1;:_he igepth to the contact between work plan components is

.shown in Figure 2-9.

in the surficial materials and in subcropping sandstones. In addition,

Recharge/Discharge Conditions

Groundwater is present under unconfined conditions in the Rocky Flats Alluvium, colluvium, valley fill
alluvium, and subcropping sandstones. Recharge to the upper HSU occurs from infiltration of incident
precipitation and as seepage from ditches, creeks, and ponds.
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The shallow groundwater flow system is dynamic, with large water level changes occurring in response to
precipitation events and stream and ditch flow. Alluvial water levels are highest during the spring and early
summer months of May and June. Water levels generally decline during the second half of the year, at
which time some wells go dry. The shallow groundwater flow system supports ephemeral flow in the creeks.

Alluvial groundwater discharges from seeps to colluvium in surface water drainages, and to subcropping
Arapahoe Sandstone in the 903 Pad, Mound, and East Trenches areas. Seeps occur along the edge of the
pediment (at the alluvium/bedrock contact) and on the hillside s opes. \ sible seeps on the hillsides may
be due to thinning of colluvial materials. There are several seeps do wnslope-to thi southeast of the 903 Pad.
Surface water stations established at these seeps in the 903 Pad Lip Area are designated SW-50, SW-51,5W-
52, SW-55, SW-57, SW-58, and SW-77. Figure 2-10 sho_ws e locations of these seeps in relation to areas
of potential sandstone subcrops on the hillside. Station: SW-50 is closest to the 903 Pad, and SW-57 and SW-
52 are south of SW-50. SW-51 and SW-58 are located sin a ditch along the road east of SW-50. Overland
flow of seepage from SW-50, SW-52, and SW-57 enter itch: Water in the ditch passes under the road
south of these locations through a culvert. The dischar he culvert is SW-55. SW-77 is another seep
located on the east side of the road, just north of SW-55. Tteds noted therefore, that SW-51, SW-58, and SW-
55 are physically connected and likely receive. flow from SW-50, 52, and SW-57. Farther downgradient
stations include seeps at SW-53, SW62:;"§W-@3 d SW=64; SW-27, SW-30, SW-54,and SW-70 on the South
Interceptor Ditch; and SW-26, SW-28, andS ¥-29 Woman Creek. Ground water in valley fill materials
discharges to Woman Creek or South Waln _ Cr

Groundwater Flow Directiof

Groundwater flow enerally from west to east. Figure 2-11 deplcts the

work plan, this-
level data for \

condmons Groundwater ﬂow

1 typical seasonal high water table. This ﬁgure is based on water
slls completed mboth"' tficial materials and subcropping sandstones that exhibit unconfined

ithin the Rocky Flats Alluvium generally follows the topography and on a
large scale is predommantly eastward in the area. Groundwater flow directions in the subcropping
sandstones -are probably _mﬂuenced by the geometry of the sandstone channels (see Figure 2-9).
Groundwater ﬂowmg toward the pediment edges emerges from seeps at the contact between the alluvium
and claystone bedrock (eontact seeps), is consumed by evapotranspiration, or flows through colluvial
materials following topography toward the valley fill alluvium. Once groundwater reaches the valley fill
alluvium, it either flows down-valley in the alluvium, is consumed by evapotranspiration, or discharges to the
creek. During the driest periods of the year, evapotranspiration consumes enough water that there isno flow
in either the colluvium or the valley fill alluvium. Therefore, wells completed in these areas are typicallydry

during some portion of the year.

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24,1991
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Groundwater Flow Rates

Hydraulic conductivity values were estimated for surficial materials based on drawdown-recovery tests
performed on 1986 wells during the initial site characterization (Rockwell International 1986e) and from slug
tests performed on selected 1986 and 1987 wells during the 1987 Phase I RI.

For the Rocky Flats Alluvium, the hydraulic conductivity values reported based on all hydraulic tests in wells
range from 4 x 10° centimeters per second (cm/s) at Well 3986 to 5.x 10% cm/s at Well 4286. The
geometric mean hydraulic conductivity for all tests was 4 x 104 . Bhsed_ on an average horizontal
gradient of 0.02 feet/foot (ft/ft) at the 903 Pad, Mound, and East Trenches, ai'eas, an assumed effective
porosity of 0.1,and a mean hydraulic conductivity of 4 x 10“2cm/s the average groundwater velocity in the
Rocky Flats Alluvium is 85 feet per year (ft/yr) (Rockwe» International 1987a). Based on the ranges of
hydraulic conductivity values, the average linear vel : (

ft/yr (EG&G 1990c).

f groundwater ranges from about 8 ft/yr to 10,300

The geometric mean hydraulic conductivity based on d ygdo -recovery tests for the Woman Creek valley

gradlent of 0;02 ft/ft, the average lmear velocnty of groundwater in South Walnut Creek valley fill is
{ (Rockwell International 1987a).

materials are fullysa rated year-round. However, as discussed above, portions of the Rocky Flats Alluvium,
colluvium, and valley ill alluviums are not saturated during the entire year. In some areas the shallow
groundwater flow occurs only nine months of the year (generally November through July). Thus, in such
areas the resultant average linear velocity of groundwater, calculated as a yearly estimate, would be reduced
in the shallow alluvial materials (approximately 65 ft/yr in Rocky Flats Alluvium, 110 ft/yr in Woman Creek
valley fill alluvium, and 15 ft/yr in South Walnut Creek valley fill alluvium [EG&G 1990c]).

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
22578E/R1.2 02-01-91/RPT Page 2-23



2.1.2.2 Confined Groundwater Flow System(s)

Flow within the lower sandstones is believed to generally be from west to east, consistent with the gradual
easterly dip of the bedrock; however, the geometry of the sandstone units and the groundwater flow paths
in the bedrock are not well understood at this time. Also, there is not sufficient information to estimate
groundwater flow rates in the lower sandstones. To estimate flow rates would require knowledge of
hydraulic gradients within the individual sandstone units and further chafhc_ge;izxtion of hydraulic conductivity
and effective porosity values in the bedrock units. <

The results of packer tests conducted in the bedrock during th Phase I RI genera y_v_i_mdncate low values of
hydraulic conductivity, on the order of 1 x 10%to 1 x 10‘_‘cmlsec in both the unweathered sandstones and
claystone. Although not supported by the available pack test data, geologic descnptlons and particle size

data on the sandstone and claystone indicate that th hxgﬁest confined groundwater flow rates occur in the
ducted in wells screened in the unconfined

sandstones contained within the claystones. Slug 0
Arapahoe Sandstone No. 1 indicated higher hydrau i cond tivities in the range of 5 x 10°to 1 x 10 cm/sec
(Well 0987) (data presented in appendixes to Rockwell-International 1987a).

Figures 2-12 through 2-20 present we] hydrographs or selecteds:t.:vi;ells located near each other. These

‘ hydrographs demonstrate that relatively hi downwar ntial, gradients generally occur in the Arapahoe
Formation across the site. The lowest vertical ‘gradien ‘shown'in Figures 2-12 through 2-20 was calculated
to be approximately 0.33,between Well 5986, hich i$ screened in the Arapahoe Sandstone No. 3, and Well
0887, which is screened in ¢l 8¢ depths een 84 and 89 feet. These two wells are located in the
881 Hillside area to the w ‘t 12) southwest corner 'of Operable Unit 2.

The relatively high '“ertlca1‘h raulic “gradient..in the bedrock indicates that flow which occurs in the
unweathered claystone ':::'wﬂl nd to be predominantly in a downward direction. However, based on the
weathered claystones, it is currently believed that the downward flow of
e impeded by the low hydraulic conductivity of these deposits. The
groundwater flow rates throu 1 the claystone are expected to depend primarily on the degree of weathering

groundwater. thr gh the claystones-wil

or fractunng (i.e.,secondary hy ,:rauhc conductivity) rather than on the porosity and permeability in the pore

spaces betwee dividual soil partlcles (i.e., primary effective porosity and hydraulic conductivity).

Phase II RFVRI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas Draft Final
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Figure 2-16
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2.1.3 Surface Water Hydrology

2.1.3.1 South Walnut Creek

The headwaters of South Walnut Creek were filled during construction of | lant facilities. The drainage from
the Central Avenue area between the 903 Pad Area and the Mound Area i$ diverted into a large-diameter
corrugated metal pipe that discharges into South Walnut Creek beneath a perimeter access road
embankment outside of the Perimeter Security Zone (PSZ).

A second culvert is a large-diameter concrete culvert that diverts'storm ﬂow;fmrrrfﬁeﬁ_grea east of Building
991 within the PSZ to South Walnut Creck. This conc
access road and into the South Walnut Creek drainage.

‘ulvert also dischargeé -beneath the perimeter

A third culvert diverts flows from the western pa £ the P SZto a point downstream of the two culverts

described above. The third culvert terminates nearthe ‘sew ée plant discharge channel in South Walnut

amed tributary within the buffer zone
' tely one mile east of this confluence.

_ nonitoring and evaluation before downstream release
ge1s located in Operable Unit 6, which is just north of
Operable Unit 2. Ponds B or spill control, surface water runoff, or treated sanitary

waste of unknown quahty, and P

The.
runoff from 't
runoff recerved by Pond B4 i
Creek. Thrs includes storm runoff diverted via the two large-diameter culverts. The discharge of Pond B-5
tnon Pond A-4, located in the North Walnut Creek drainage.

Trenches

ollected by the Central Avenue Ditch and upper reaches of South Walnut

is currently released to re

Woman Creek is located south of the Plant with headwaters in largely nndisturbed Rocky Flats Alluvium.
Runoff from the southern part of the Plant is collected in the South Interceptor Ditch located due north of
the creek and delivered to Pond C-2. Pond C-1 (upstream of C-2) receives stream flow from Woman Creek.
The Woman Creek drainage is located in Operable Unit Number 5, which is just south of Operable Unit
Number 2. The discharge from Pond C-1 is diverted around Pond C-2 into the Woman Creek channel
Phase I RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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downstream. Water in Pond C-2 was previously diwharéed to Woman Creek in accordance with the Plant
NPDES permit (Discharge Point 007), but is not currently being discharged. Future plans call for a transfer
of water from Pond C-2 to the South Walnut Creek Retention Pond B-5.

Flow in Woman Creek and the South Interceptor Ditch is intermittent; it appears and disappears along
various reaches. During the 1986 initial site characterization, measurable flow occurred at less than one-half
of the ten stations located along Woman Creek and the South Inter .‘vptc'ir Ditch (Rockwell International
1986¢). All recorded flows were less than ten gallons per minute. Durm he 1986 and 1987 investigations,
there was no surface flow in Woman Creek downstream of Pond C-2. “Th _» rntermrttent surface water flow

observed in Woman Creek and the South Interceptor Ditch may indicate groundwater inflow and outflow.

2.2 NATURE AND EXTENT OF CONTAMINATIO

2.2.1 Introduction

The description of the nature and extent of contaminatien resented in this Subsection is based on data
obtained from the Rocky Flats Environmental Database Systs (RFEDS) supplied by EG&G. Most of the
data were presented in the Alluvial Wc'ffrk Plan;’] wever, the RFEDS contains some data collected and/or

in the data summary ta |
or an A (validated and
detection limit. The codé-B refer to a blank sample.

Most of th_k av: ilable analytrc data-have not been validated. Only a few organic and metal sample results
have been vahdated Relati
data and occasxonally in valrdated data. Most of the maximum contaminant levels identified in the bedrock
are unvahdated .and there_"’ , the quality of these data is unknown but have been used for planning
purposes. The unvahdated data have been included in this work plan and utilized for planning because,
without the use of these data, there would be a very limited basis for making initial decisions, from a
chemical contamination "tandpoint, in determining locations of wells and boreholes. Data collected during

4 high levels of several contaminants have been observed in the unvalidated

the Phase II RFI/RI alluvial and bedrock sampling efforts may provide some indication of the reliability of
the unvalidated data.

Additional validated data from the first quarter of 1990 may be available in the near future and. will be
considered and evaluated when available.

Phase II RFI/RI Work Pian (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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2.2.2 Background Characterization

2.2.2.1 Introduction

To facilitate the interpretation of chemical results obtained during RFI/Rls, a background characterization
program was implemented to define the spatial and temporal variability f ﬁitumlly occurring constituents.
Field work was conducted in 1989 and a draft Background Geoch mical Characterization Report was
prepared and submitted to the regulatory agencies on December 5, 989 (Rockwell International 1989¢).
The report was recently finalized and Background Geochemical Cha terization eport issued in December
1990 (BG&G 1990d). These documents summarize the background data for groundwater, surface Water,
sediments, and geologic materials, and identifies statistical boundaries of background ‘'variability based on
the available data. Spatial variations in the chemistry of géologlc materials and water were addressed by

sampling locations throughout background areas at the Plant. The sampling well locations were primarily
in the Northern and Southern Buffer Zones of the Pl,_[_»_:t_t W groundwater flow for both the alluvial and
bedrock systems is generally believed to be west to" east (EG ‘G 1990d). The goal of evaluating temporal
variations in water chemistry has not yet been achieved becau "

minimum of two years of quarterly data

are needed. The background report is, viewed as a hvmg docuthent which will continue to evolve as

additional background data are collected. To daté; the-background geochemical characterization of the Plant

has concentrated on the soil, bedrock and groundwater in the uppermost unconfined aquifer. However, for

the purpose of site characterization, mformatxo:" in the Baékgfound Geochemical Characterization report -
(EG&G 1990d) has been used to rehmman}y chgractenze inorganic contamination in Operable Unit 2

value or the" upper Jimit of e tolerance” interval for each analyzed parameter in background groundwater,

surface water, sediment, an ge%alogic samples are provided in the Background Geochemical Characterization
Report, Maxnmum detected
each naturally occurrmg

es are provided and assumed to represent the maximum concentration for
ical constituent where there were insufficient data to calculate tolerance
intervals. This" occutred when there was an insufficient number of samples or an insufficient number of
detectable concentratlons for a given chemical constituent. A summary of the upper limit of the tolerance
interval or maximum detected value in groundwater for metals, other inorganics, and radionuclides is
provided for the weathered claystone, the weathered sandstone, and the unweathered sandstone in Tables
2-2A through 2-2E, Tables 2-3A through 2-3D, and Tables 2-4A through 2-4E. Background information on
the unweathered claystone is presently not available.

Phase I RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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TABLE 2-2B

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
NORTH ROCKY FLATS WEATHERED CLAYSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/l EXCEPT pH)

HCO, NO,/NO, SO,

Normal or Log Normal*
Upper Tolerance Limit
Lower Tolerance Limit
Maximum Concentration
Minimum Concentration 7
Cohen or Unrevised
Mean

Standard Deviation
Sample Size

Percent  Detected

Classification Method
‘ * = Nommal or log normal data distributions wete

U =G jon below detection limit.
M = MANOVA.

. = Valwe not computed.

C = Cohen revised statistics,

UN = Unrevised statistics.

A = Parametric ANOVA,

K = Kruskal-Wallis nonparametric AN
_ = No classification.
P = Test of proportions.

d (antilog) valucs.

Phase IT RF/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Areas, Draft Final
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22578E/RIT.22B 02-04.91/RPT : Sheet 1 of 1



TABLE 2-2C

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
WEATHERED CLAYSTONE GROUNDWATER SAMPLES

(CONCENTRATION UNITS mg/l EXCEPT pH)

HCO, COo, NO,/NO, SO,

Normal or Log Normal* Log Normal Log Log
Upper Tolerance Limit 298.4996 0.6143 49.3145
Lower Tolerance Limit

Maximum Concentration 400.0 5.0U 0.66 100.0
Minimum Concentration 144.0 5.0U 0.05U 11.0
Coben or Unrevised UN UN UN UN
Mean 235.7107 2.5000 0.3413 33,4302
Standard Deviation 22,9463 0.0000 0.1022 5.8049
Sample Size 12 12 13 12
Peroent Detected 100.0 0.0 92.3 100.0
Classification Method A KA KA
* = Normal or jog normal data distributions were assumed.

U = Concentration below delection limit.
M = MANOVA. )
. = Value not computed.

C = Cohen revised statistics.

UN = Unrevised statistics.

A = Parametric ANOVA.

K = Kruskal-Wallis nonparametric AN
_ = No classification.

P = Test of proportions.

Phase II RFI/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Areas, Draft Final'
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TABLE 2-2D

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
SOUTH ROCKY FLATS WEATHERED CLAYSTONE GROUNDWATER SAMPLES

(CONCENTRATION UNITS mg/l EXCEPT pH)

HCO,

SO,

Normal or Log Normal*
Upper Tolerance Limit
Lower Tolerance Limit
Maximum Concentration
Minimum Concentration
Cohen or Unrevised
Mean

Suandard Deviation
Sample Size

Percent Detected

Classification Method

* = Nommal or log normal data distributi

U=C it below d

o limit,

M = MANOVA,

. = Value not computed.
C = Cohen revised statistics.
UN = Unrevised statistics.

A = Parametric ANOVA.

K = Knuskal-Wallis nonparametric  ANOV,

_ = No classification.
P = Test of proportions.

Phase II RFI/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Areas, Draft Final
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TABLE 2-3B

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
WEATHERED SANDSTONE GROUNDWATER SAMPLES

(CONCENTRATION UNITS mg/l EXCEPT pH)

HCO, co, / Fie pH NO,/NO, 50,
Normal or Log Normal* Log Normal Log Log
Upper Tolerance Limit 236.8072 2.1648 39,1245
Lower Tolerance Limit
Maximum Concentration 2400 50U 8.4 16 80
Minimum Concentration 1300 5.0U 69 0.18 3.0
Coben or Unrevised UN N UN N UN
Mesn 175.5991 2.5000 7.237 0.9473 51154
Sunderd Deviation 18.0052 0.0000 0.4926 0.3581 4518
Sumple Size 7 7 8 7 7
Percent Detected 100.0 1000 1000 100.0

Classification Method

Ci ion below d
MANOVA.

Vahe not computed.
€ = Cohen revised statistics.
UN = Unrevised statistics.
A = Parametric ANOVA.

K = Krwkal-Wallis nonparametric
_ = No classification.
P = Test of proportions.

xeox

ANOVA:

Nomal or log normal data distributions were assumed.
limit.

are mnmfonmd (antilog) values.
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TABLE2-3C

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
SOUTH ROCKY FLATS WEATHERED SANDSTONE GROUNDWATER SAMPLES

(CONCENTRATION UNITS mg/l EXCEPT pH)

HCO,

50,

Normal or Log Normal*
Upper Tolerance Limit
Lower Tolerance Limit
Maximum Concentration
Minimum Concentration
Cohen or Unrevised
Mean

Standard Deviation
Sample Size

Peroent Detected

Classification Method

* = Nommal or log normal data distributi

U =C ion below d

ion limit.

M = MANOVA.

. = Value not computed.
C = Cohen revised statistics.
UN = Unrevised statistics.

A = Parametric ANOVA.

K = Kruskal-Walli=s nonparametric AN

_ ="No classification.
P = Test of proportions.
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TABLE 2-4B

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
NORTH ROCKY FLATS WEATHERED CLAYSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/l EXCEPT pH)

HCO, Cco, NO,/NO, S0,

Normal or Log Nommal* Log Normal Log Log
Upper Tolerance Limit 302.2308 30.1793 290.9021
Lower Tolerance Limit

Maximum Concentration 3%0.0 25.0 3.6 670.0
Minimum Concentration 140.0 50U 0.05U 5.0U
Cohen or Unrevised UN (o] c C
Mean 255.6284 6.3774 0.7294 88.9962
Standard Deviation 17.4508 8.9129 0.6543 75.6059
Sample Size 13 13 12 13
Percent Detected 100.0 50.0 61.5
Classification Methd A _ -
* = Nommal or Jog normal data distributi were d (antilog) values, U = C below detection limit,

M = MANOVA. )
. = Vahe not computed. C = Cohen revised ic ANOVA. K = Knskal-Wallis ic - ANOVA, _ =

No classification. P = Test of proportions

Phase 11 RF/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant,. Golden, Colotado, February 4, 1991
22578E/R1T.24B 02-04-91/RPT
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TABLE 2-4B

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
NORTH ROCKY FLATS WEATHERED CLAYSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/l EXCEPT pH)

(Continued)

HCO, NO,/NO, S0,

Normal or Log Normal*

Upper Tolerance Limit
Lower Tolerance Limit
Maximum Concentration
Minimum Concentration
Cohen or Unrevised
Mean

Standard Deviation
Sample Size

Peroent  Detected

Classification Method

* = Normal or log normal data distributi
M = MANOVA,

. = Vale not computed. C = Cohen d
No classification. P = Test of proportions.

éd are untransformed  (antilog) values, U = C i below d ion limit

A=P ic ANOVA. K = Knskal-Wallis ic ANOVA. _ =

Phase I RFI/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant, Goiden, Colorado, February 4, 1991
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TABLE 2-4B

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
NORTH ROCKY FLATS WEATHERED CLAYSTONE GROUNDWATER SAMPLES

(CONCENTRATION UNITS mg/l EXCEPT pH)
(Continued)

HCO, co,

NO,/NO,

Norma! or Log Nommal*
Upper Tolerance Limit
Lower Tolerance Limit
Maximum Concentration
Minimum Concentration
Cohen or Unrevised
Mean

Siandard Deviation
Sample Size

Peroent Detected

Classification Method

* = Normal or log normal data distributi

below d jon limit.

d (antilog) vales. U = C
M = MANOVA,

. = Vahe not computed. C = Cohen . A = Parametric ANOVA. K = Kruskal-Wallis

ic ANOVA. _ =

No classification. P = Test of proportions

Phase II RFI/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant, Golden, Colorado, February 4, 1991
22578E/R1T.24B (2-04-91/RPT
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TABLE 2-4C

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
NORTHERN ROCKY FLATS UNWEATHERED SANDSTONE GROUNDWATER

(CONCENTRATION UNITS mg/l EXCEPT pH)

SAMPLES

HCO,

Normal or Log Normal*
Upper T;ka Limit
Lower Tolerance Limit
Maximum Concentration
Minimum Concentration
Cohen or Unrevised
Mean

Standard Deviation
Sample Size

Percent Detected

Classification Method

* = Nommal or log normal data distributi
U =G ion below d

M = MANOVA.

. = Value not computed.

C = Cohen revised statistics.
UN = Unrevised statistics.

A = Pamamectric ANOVA.

K = Kruskal-Wallis nonparametsi

_ = No classification.
P = Test of proportions.

Phase II RFI/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant, Golden, Colorado, February 4, 1991

jon limit.

e ANOY.

22578E/R1T.24C 02-04-91/RPT
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TABLE 2-4D

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
SOUTH ROCKY FLATS UNWEATHERED SANDSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/1 EXCEPT pH)

HCO, NO,/NO, S0,

Normal or Log Normal*
Upper Tolerance Limit
Lower Tolerance Limit
Maximum Concentration
Minimum . Concentration
Cohen or Unrevised
Mean

Standard Devistion
Sample Size

Percent Detected

‘ Classification Method

= Normal or log normal data distributions were
U=C=C ion  below detection limit.

d (antilog) wvalues.

. = Value not computed.

C = Cohen revised statistics.

UN = Unrevised statistics.

A = Parametric ANOVA,

K = Kruskal-Wallis nonparametric
_ = No classification.
P = Test of proportions.

Phase II RFU/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant, Golden, Colorado, February 4, 1991 .
225TRE/RIT.24D 02-04-91/RPT ‘ Sheet 1 of 1
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2222 Organics

Background samples were not analyzed for EPA Contract Laboratory Program (CLP) Target Compound
List (TCL) organics because organics are assumed not to be present in background areas. Validated resuits
of a sample analysis that are above the method detection limit will be considered to represent potential
contamination, and additional data will be collected at that location (i 1

,resamplmg) to evaluate whether

the groundwater is actually contaminated at that location or if the aqai} is results may contain lab errors or

artifacts.

2223 Inorganics

To assess the presence of inorganic contamination in}_ﬁ?pgrable Unit 2, site-specific chemical data will be

imum detected value determined in the

compared to the background tolerance intervals or the

interval at the 95 percent confidence level value will prelir

This approach provides adequate informati

Available background i claystone, weathered sandstone, and unweathered
1 2 3A, and 2-4A (metals), and 2-2B, 2-2C, 2-2D, 2-3B,
(non-metillic inorganics). Tables 2-5A, 2-5B, and 2-5C provide

d lithologies screened by the wells. The background data generally

sandstone is provided f‘6r iﬁbrg :
2-3C, 2-3D, 2-4B, 24C and 2-4

information on well desxgnat'on

indicate that uncoti ated g ound ater within the deeper confined sandstones can be distinguished from
that in the unconﬁned safidstones ,
chloride, agd total dissolve

_in the Opera

all uvium by the presence of higher concentrations of sodium, sulfate,
lids in water within the deeper confined sandstones. Comparison of

concentratio Unit 2 groundwater with ARARs is presented in Section 3.0.

Background mformatm e unweathered claystone would be useful in assessing the presence or absence
of contamination for morgamc species in the unweathered claystone within Operable Unit 2; however, no
background information on the unweathered claystone is available. The primary contaminants identified in
the upper hydrostratigraphic unit (HSU) [the volatile organic *species carbon tetrachloride (CCl,),
tetrachloroethylene (PCE), and trichloroethylene (TCE)] are the contaminants that are mobile and,
therefore, most likely to migrate into the lower HSU(s). Therefore, volatile organic contaminants are

believed to have a greater potential to be present in the lower HSU(s) than inorganic contaminants.

Phase I RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
22578E/R1.2 02-01-91/RPT Page 2-52



TABLE 2-5A

SUMMARY OF WELLS USED FOR BACKGROUND
CONCENTRATIONS OF DISSOLVED METALS

Well Designation Screened ::_;F'(;n:;nation

B203189
B203289
B203489
B203589
B203689
B304889
B305389
B405489

B203789
B203889
B203 989 ’
B204089
B204189
B304289 -
B304989

5 QC
B302089 QC
B401989 : QC
B200589 QRF
B200689 QRF
B200789 QRF
B200889 QRF
B400189 QRF
B400289 QRF
B400389 QRF
B400489 QRF
B405586 QRF
B405689 QRF

Phase I RF/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Areas, Draft Final
Rocky Flats Plant, Goiden, Colorado, February 4, 1991

22578E/RIT.25A 02-04-91/RPT

Sheet 1 of 2



TABLE 2-5A

SUMMARY OF WELLS USED FOR BACKGROUND
CONCENTRATIONS OF DISSOLVED METALS

(Continued)
Well Designation Screened_::,.,F;)grﬁ;ition
B405789
B102289
B102389
B202489 QVF
B202589 QVF
B302789 QVF
- B302889 QVF
B302989 QVF
B402689 QVF
KCL =
KSSU =
KSSW =
QC

Rocky Flats Allyvium
“Valley Fill Alluvium

Phase II RF/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Areas, Draft Final
Rocky Flats Plant, Golden, Colorado, February 4, 1991
22578E/R1T.25A 02-04-91/RPT
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TABLE 2-5B

SUMMARY OF WELLS USED FOR BACKGROUND
CONCENTRATIONS OF INORGANICS

Well Designation Screened - Formation
B203189 7 KEL
B203289 ;
B203489
B203589
B203689
B304889 KCL
B305389 KCL
B405489 KCL
B203789
B203889

B204189°

B304289 KSSU
B304989 KSSU
KSSU
KSsSw
KSSw
QC
QC
QC
QC
QC
QRF
. ‘ QRF
B200789 QRF
B200889 QRF
B400189 QRF
B400289 QRF
B400389 QRF
B400489 QRF
B405586 QRF
B405689 QRF
B405789 QRF

Phase II RFI/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant, Golden, Colorado, February 4, 1991
22578E/RIT.25B 02-04-91/RPT Sheet 1 of 3



TABLE 2-5B

SUMMARY OF WELLS USED FOR BACKGROUND
CONCENTRATIONS OF INORGANICS
{(Continued)

Well Designation Screen_eii | ES@tion

B102289
B102389
B202489
B202589
B302789
B302889
B302989

B303089
RB402689

KCL = Weathéred Claystone
KSSU = Unweathered-.Sand
KSSW = Weathered ¢

QC = Colluvium

QRF = Rocky Flats ‘A

QVF “Valley Fill All

Phase I RFI/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Areas, Draft Final
Rocky Flats Plant, Golden, Colorado, February 4, 1991
22578E/R1T.25B 12-04-91/RPT

Sheet 2 of 3



TABLE 2-5C

SUMMARY OF WELLS USED FOR BACKGROUND
EVALUATIONOF GROUNDWATER RADIOCHEMISTRY

Well Designation Screened Formatlon

B203189
B203289
B203489
B203589
B203689
B304889
B305389
B405489

B203789
B203889

B304289

B304989 KSSU

KSSU

KSSW

KSSW
QC
QC
QC
B401989 QC
B200589 QRF
B200689 QRF
B200789 QRF
B200889 QRF
B400189 QRF
B400289 QRF
B400389 QRF
B400489 QRF
B405586 QRF
B405689 QRF
B405789 QRF

Phase Il RFVRI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant, Golden, Colorado, February 4, 1991
22578E/RIT.25C 02-04-1/RPT Sheet 1 of 2



TABLE 2-5C

SUMMARY OF WELLS USED FOR BACKGROUND
EVALUATIONOF GROUNDWATER RADIOCHEMISTRY
{Continued) '

Well Designation Screened | rmatlon

B102289
B102389
B202489
B202589
B302789
B302889
B302989
B402689

KCL = Weathéred. Claystone
KSSU = Sanidstone
KSSW —
QC = Colluviim *
QRF = Rocky Flats Afluvium

Phase I RF/RI Work Plan (Bedrock)-903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant, Golden, Colorado, February 4, 1991
22578E/RIT.25C 02-04-91/RPT , Sheet 2 of 2



2.2.2.4 Radionuclides

Radionuclides are analyzed by counting sub-atomic particle emissions. Since the counting of radioactive
disintegration is a process that may be evaluated statistically using a probability distribution, results are
reported as a measured value with an associated two standard deviation propagated counting error term
indicated in parentheses immediately following the measured value. For the purposes of this plan, the
boundaries of the background range for radionuclides will be the tolerance interval values presented in the
2-2E, 2-3D, and 2-4E. However,
it should be noted that the computation of tolerance intervals fo ra:‘_ onuchdes did not account for the error

Background Geochemical Characterization Report and contained i in Ta|

term associated with each analysis value reported. Site radionuélide concentrano S. below the minimum
detectable activity (MDA) are considered background. Also;:concentrations where the error term is larger
than the measured value are considered below the MD  and are therefore considered not statistically

different from background. Measured values that exce d”"’t’hcir_b_associatcd counting errors and are above the

the background data set.

2.2.3 Groundwater

mcludc barium, copper, ':n ek l

elevated abovq.,;ba'
5 afe uclidélevels are generally within the tolerance limits for the background
ples indicate minimum detectable amounts of plutonium and americium

There are 20 wells ini“th 90
intervals believed to" represent the lower (bedrock) HSU(s) (i.e., below the conceptual boundary shown in
Figure 1-1). Analytical data are available for twelve of these wells. Of these twelve lower-HSU wells with
analytical data, one of them, Well 1487BR, may be more representative of upper HSU groundwater

ad, Mound, and East Trenches areas that are screened entirely with depth

chemistry since it is screened in weathered, subcropping Arapahoe Sandstone No. 5 at relatively shallow
depth. Similarly, Wells 1287BR and 6286 are screened entirely in bedrock but are probably more
representative of groundwater chemistry of the upper HSU than of the lower HSU. They are both relatively
shallow and have the tops of their screens 1.5 to 3 feet below the bedrock surface. These two wells are

Phase II RF1/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
22578E/R1.2 02-04-91/RPT Page 2-59



considered to be upper HSU wells since they are not entirely screened more than 5 feet into the bedrock.
Samples collected from these wells contain various concentrations of organic, inorganic and radioactive
constituents. The screened intervals for these wells range from relatively shallow (Well 1487BR, 19-24 feet)
to relatively deep (Well 2887 BR, 187-197 feet). Although the currently available bedrock groundwater data
is limited, it generally appears that contamination in the deeper zones of, bedrock are in the same general
areas as the maximum contaminant concentrations in the upper HSU (w thc area east of the 903 Pad, the
area southeast and east of the Mound Area, and the East Trenches Arca)

Areas where concentrations of contaminants in the upper HS J were'r latxvely low or not present also
tended to have lower or non-detectable levels of contaminants in.the lower HSU Figures 2-21 through 2-23
show plumes identified by the Phase I RI for the primary organic contaminants in the upper HSU.

2.23.1 Organic Compounds

Most of the validated groundwater analytical result vor'" etected volatile organic compounds in the lower

- HSU(s) are below or only slightly higher than the rcportmg hrmts required by the EPA Contract Laboratory

Program (CLP). In many cases the detccted organics aré-al mmon laboratory contaminants that

higher levéls of several organic contaminants, such
identified in the unvalidated results (Table 2-6).

appeared in the laboratory method blanks Wever,

as trichloroethane (TCA) and TCE, have

Samples collected from Well 3687BR, whi
northeast of IHSS 111.1
2-hexanone; 1,1,-trichlor‘

s screened in the Arapahoe Sandstone No. 1 and located
ntained. 1,1-dichloroéthylene (1,1-DCE); 1,2-dichloroethylene (1,2-DCE);
)CE was also reported in Well 1587 and 1,2-DCE was
inf Well 2587B ;""“"On}y fous wells screened in depth intervals believed to represent

‘thane, and toluene. l,i

reported on one occasi

11 887BR screened in the Arapahoe Formation Sandstone No. 4, and
ed in the Arapahoe Formation Sandstone No. 3. These two wells
are located ,,n the eastern _ob on of the Mound Area. Less than 10 ug/l of methylene chloride was
measurcd in Well 3487BR, and 18 ug/1 of TCE was measured in well 4086. Both of these wells are screened
in unweathered claystone i

thc east portion of the East Trenches Area.

Well 1487BR is cé;ﬁsi,gietg:d"a lower-HSU well by the criteria used to distinguish the upper from the lower
HSU in this work plan. "However, as discussed above in Subsection 2.2.3, analytical chemistry results from
this well may not be representative of the lower HSU groundwater chemistry since it is screened in

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
22578E/R1.2 02-04-91/RPT ) Page 2-60
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weathered subcropping sandstone at relatively shallow depth (19 to 24 feet). This well may be hydrologically
connected to the upper HSU.

Carbon Tetrachloride

Based on unvalidated data, carbon tetrachloride (CCl,) was found as a di olved constituent in groundwater
from four wells in the upper HSU: 1587, 1287BR, 2587BR, and 3687BR (Table 2-6). The dissolved
contaminant plume in the upper HSU was defined in the Phase, 1 Alluvxal Work Plan and is shown in
Figure 2-21. The highest values found in the upper HSU were in 15 : v(4305 ;Lg/l) and 3687BR (3673 ug/1).

Both are located to the east of the 903 Pad Area. Wells 258 IR and 3687BR
intervals in the upper HSU (18 to 44 feet and 19 to 63/feet, respectively) in the Arapahoe Formation
Sandstone No. 1.

e screened at deeper

With the exception of Well 1487BR, which may bé hyﬂrologi cally connected to the upper HSU, CCl, was
generally not found in lower-HSU wells. However;-an éstimatéd value of 1 ppb was recorded for bedrock
Well 2387BR, located at the south-central portion of the

und Area, in August 1989. This value is well

below the method detection limit and is an isolated incideit-tha when validated may receive additional

qualifiers or may result in a different in rp;:é" ion.as to its significance.

Tetrachloroethylene (PCE)

the resul_y;s unvahdated ' well is screened in Arapahoe Formation Sandstone No. 1.

PCE (140 ug/l)-was also noted/in Well 2087BR, which is located at the cast end of THSS 113 and in well
1837BR (16 ug/l), located
2087BR is from 1( 10 116 eet, which is in the Arapahoe Formation Sandstone No. 3, and the screened
depth interval for Well 1887BR is from 127 to 134 feet, which is in the Arapahoe Formation Sandstone No.
4. This finding may suggest that some vertical migration has occurred, or that the well annulus is not well-

e southeast corner of Mound Area. The screened depth interval for Well

sealed. Alternatively, it could indicate lateral migration of contamination from an upgradient source.

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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Trichloroethylene (TCE)

The distribution of TCE shown in the Alluvial Work Plan (Figure 2-23) indicates concentrations ranging up
to 200,000 ug/1 (Table 2-6) in wells screened in the upper HSU. Significant concentrations of TCE were
measured in upper-HSU Wells 1587, 1287BR, 2587BR, and 3687BR, with 3687BR having concentrations of
49000, 12000, and 18000 ug/1 over the first, third, and fourth quarter sa “‘plmg events of 1989, respectively.
In the lower HSU(s), isolated occurrences of TCE have been documented in 4086 BR and 3487BR, both
screened at depths of approximately 100 feet in unweathered claysto e (18 ug/1 and 3ug/l (I), 1ug/l (1),
respectively). However, it should be noted that these values aré ne |

-below. the method detection limit
and the results are unvalidated. Validation of these results cohld result in quahﬁ' ion of the data as non-
detects. As with CCl,, TCE has been detected in Well 1487BR, which may by hydrologically connected to
the upper HSU.

Other Volatile Organic Compounds

Other volatile organic contaminants reported in groundwater samples from the deeper bedrock were toluene,

chloroform, acetone, methylene chloride _and carbon disulﬁll S T luene was found in Wells 4086, 3487BR,

many of the wells. All three of these compounds a

“commion laboratory contaminants and many of the
reported values were near or below the analytlcal detectxon limits and many of the laboratory blanks also

ues as non-detects. Validation of existing data and

pling locations. The interpretation of the radionuclide results was conducted
) : in the Phase II Alluvial Work Plan. In general, data from the nine lower-
HSU wells with. data ind adionuclides do not exceed reported background levels. In a few cases where
background levels‘q"apgcar 10 be exceeded, the error terms associated with the reported values are near the

reported values and it is"therefore uncertain whether or not background levels were actually exceeded.
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Results from Well 2387BR were the most elevated for plutonium-239,240 (0.07+0.05 pCi/l), and from Well
2287BR for americium-241 (0.11+0.08 pCi/l) (Table 2-7). These are bedrock wells; however, the top of the
screen in Well 6286 is only 3 feet below the bedrock surface. Strontium-89 and -90 were detected in Wells
4587 BR (0.60+0.52 pCi/l) and 6286 (3.0+0.4 pCi/l). Radium was also detected in 4587 BR during the
second quarter of 1989. Radium was not detected in previous or subsequent samples. Cesium-137 was
reported in only six of the samples from lower-HSU wells, with the lnghest level being 0.3+0.5 pCi/l (Well
6286). The values for plutonium-239 and -240 and cesium-137 have crror ‘terms greater than the analytical
value and should be considered as not exceeding background. The error-terms for the other radionuclides

listed above are also nearly as large as the reported concentratio :';:':"thereferc the significance of those
reported concentrations is also questionable.

tcntly had gross beta val‘;xes above background
Fhis‘well is screened at depths of 90-101 feet in the
and 2087BR, in the vicinity of the Mound Area, each

Well 4587BR, located southwest of the 903 Pad Area, ¢o
(Table 2-7) with the highest being 113+13pCi/l. Tt
Arapahoe Formation Sandstone No. 5. Wells 1
had a single gross beta value above background.

Values above background were found in Well 1287BR for ur mum 238. These values ranged from 18.9+3.1
pCi/l to 28+2 pCi/l. The screen inter
the top of the screen only 1.5 feet below

1 for his.well is at dcﬁ'ths:”'S-ll feet in weathered claystone, with

To summarize, the extent of radionuclides in th bedrock is not well defined. However, elevated gross beta

values appear to occur We hich is screened in the Arapahoe Sandstone Formation No. 5.

2233 Metals

The majority of the diéso‘" inorganic elements data (Tables 2-8A, B, and C) that had been validated were

sUnva -'dated data indicate metal concentrations exceeding background levels

at or near the detection li

sle Uit 2 include barium, copper, nickel, mangancse and zinc.

Within Opcrable Unit 2, the
the 903 Pad Arca Silver, a imony, arsenic, barium, mercury, cadmium, selenium, beryllium, lead, and
yum values (see Table 2-8) in wells associated with the 903 Pad.

s with the highest concentrations of dissolved inorganic elements were in

chromium werc at thelr m

In general, elevated metal concentrations were not detected in bedrock wells. Well 6286BR, which is
screened at depths 25 to 35 feet in the Arapahoe Formation Sandstone No. 3, had the highest values for
mercury, cadmium, and selenium: 0.0008 mg/1, 0.009 mg/1, and 0.0710 mg/1, respectively. However, the top
of the screen in this well is only 3 feet below the bedrock surface, and may therefore be hydraulically
connected to the upper HSU. All values were unvalidated except for two selenium values, 0.0616 mg/I and
0.0565 mg/L, which have been validated (Table 2-8C).

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas ' Draft Final
Rocky Flats Plant, Golden, Colorado -January 24, 1991
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Within Operable Unit 2, samples from wells in the East Trenches Area had the highest reported values for

iron, lithium, molybdenum, and manganese.

2.23.4 Major Ions

Background data (Table 2-9) indicate that the lower sandstones have hxghcr concentrations of sulfates,
chloride and TDS than were found in groundwater in the upper HSU The data from the monitoring wells
screened in the bedrock in Operable Unit 2 generally show the [;e’:\;e e of this trend. Major ions tend to
gnifi c ‘this trend will be more fully

. be more elevated in shallow wells than in deeper wells. The sxgmfcan e
explored during this Phase II RFI/RI.

2.2.4 Bedrock

Analytical chemistry testing was conducted on sampl “of th§=f;:6drock collected during the Phase I RI. Data

Low lsj\}clsf‘f.qv‘f methylene chloride, acetone, and chloroform were found in numerous samples from many

boreholes: }-IES’qucr, these/compounds are common laboratory contaminants. These compounds are also

frequently foundm labo blanks.

Semi-volatile organic cémpounds were observed in a number of boreholes (Table 2-11). While most
phthalate compounds are laboratory contaminants, one borehole (BH 3387), had a validated concentration
of 240 ppb, which is high for laboratory contamination. This borehole is located near the Mound Oil Burn
Pit and trench T-1 sites. ‘

Phase I1 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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There is not adequate information from existing soil data to determine if the deeper bedrock is contaminated

with organic compounds.
2.3 CONCEPTUAL MODEL

A site conceptual model was developed to illustrate how contamination may ‘be dispersed to the environment

via potential pathways identified in the Phase I RI report and during Phase II RFI/RI planning. The

conceptual model is shown graphically in Figure 2-24. The mterrc!atxons-l;g_ps between the upper and lower

hydrostratigraphic units (HSUs), and between Operable Unit 2 a 'operable units are depicted in

this figure.

This conceptual model was used to assist in identifying sarhpling needs and will be further used for the
baseline risk assessment. Additional data will be gl")?ta,iﬂcd to refine risk assessment calculations and to

conduct the Feasibility Study (FS).

2.3.1 Bedrock Contamination Sources

contaminants near the bottom of thc uppcr_'

topographically and/or hydraulically upgradxent of the site.

depressmns at the bottom of thc upper HSU However, of the many monitoring wells and boreholes that
have beén drllled at Rocky Aﬁats there have never been reports of non-aqueous phase liquids found in wells.

are potential sources of bedrock contamination that are located upgradient of
Operable Unit 2. The'bedrock beneath Operable Unit 1 (881 Hillside) has not been characterized
sufficiently to determine whether or not it is a potential source of contamination that may contribute to the

It is not known if w{he

bedrock system in Operable Unit 2.

Phase II RF1/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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2.3.2 Release Mechanisms

There is a potential for contaminants in the upper HSU to have impacted the bedrock system. There are
six pre-1986 monitoring wells that have been identified in Operable Unit 2. These wells (Well Nos. 171, 271,
174, 374, 774, and 2274) were constructed in 1971 and 1974. Design details of these wells are not available
other than estimates of total depth. The first five of these six wells range from approximately 24 to 50 feet

in depth. However, Well 2274 is 162 feet deep and may penetrate lower sandstone layers. These wells

represent potential release mechanisms from the upper HSU to doweér HSU(s), either by long screened
intervals or ineffective seals. '

Contaminated groundwater in the upper HSU may also :::otentxally enter lower sandstones where they
subcrop beneath the colluvium on the valley side slope (scc Figure 2-24). This may be the situation at Well

1487BR. Another potential mechanism of release edrock is by percolation through fractures in the

" weathered and unweathered claystone bedrock downward to a-lower sandstone layer, if such fractures exist.

This release mechanism is judged to have a low-probability dt this time as a result of the low hydraulic

conductivity values reported in the unweathered clayste:

233 Potential Exposure Pathways

and groundwater. Secondary p6 Ja‘%‘ Xposure pa{h vays may occur through wind dispersal of contaminated

dust or soil gas resulting from the seepage.of contarinated groundwater and subsequent drying at outcrop

arcas.
23.4 Receptors

There may":::b “different pvoten%E ial receptor populations exposed via each of the potential exposure pathways
descnbed above. For each pathway, there are three potential intake routes: ingestion, inhalation, and dermal

contact: Potennal reccpt= ‘of groundwater contamination are human., Biota may be present at,

downgradxen or downwm of seep locations.
23.5 Summary

The elements of the site conceptual model described above are shown in Figure 2-24. This figure depicts
the potential sources of contamination, mechanisms of contaminant release, exposure pathways, and primary
receptors. The model as pictured is based on an evaluation of available Phase I RFI/RI data and postulated
exposure pathways not yet proven. As additional information is obtained, the overall model and specific
Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final

Rocky Flats Plant, Goiden, Colorado January 24, 1991
22578E/R1.2 02-04-91/RPT Page 2-116



portions of the model (for example, the confined groundwater flow regime) may be refined or expanded to

address risk assessment issues.

The Bascline Risk Assessment for both upper and lower HSUs will be combined for the RI Report. The
Phase II RFI/RI Alluvial Work Plan describes how this is to be done.

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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390
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

This section provides a preliminary identification of chemical-specific apphcable or relevant and appropriate
requirements (ARARs) for weathered bedrock groundwater at Operable Unit 2 so that appropriate
analytical detection limits are used during the RFI/RI (RI) to evaluate smpliance with these ARARs. The
CMS/FS (FS) report will fully address chemical-specific ARARs as. well.as action- and location-specific
ARARs in the development and evaluation of remedial alternative S

3.1 THE ARAR BASIS

The basis for ARARSs is cited in Section 121(d) of CERCLA, as amended by the Superfund Amendments
and Reauthorization Act of 1986 (SARA), whigt

facility remedial actions comply with applicable or relevant an appropriate federal laws or promulgated state

equire that Fund-financed, enforcement, and federal

laws, whichever is more stringent. For the purposes of identification and notification of promulgated state

standards, the term "promulgated” means. that the standards~are of general applicability and are legally

‘ enforceable (NCP, 40 CFR 300. 400(g)(4))

Health-based, chemical-specific ARARs pe'f mé‘nt*:"to g’?ound-water quality have been identiﬁed for the EPA

(TBC). A summary of chemlcal
East Trenches areas is presented"' Table 3-1.

specific s for the contaminants found at the 903 Pad, Mound and

This work pla ‘describes-only, the investigative requirements relative to bedrock groundwater in Operable
Unit 2. The parameters for whxch proposed ARARs are identified within this work are compiled from
maximym concentratlons above detection limits in bedrock groundwater wells within Operable Unit 2.
However, ‘the samc apphcatlon of ARARs pertain to both the upper and lower hydrostratigraphic units
(alluvial and bedrock groundwater) due to the potentlal cross-connection of the two units. A common list
of parameters will be. anaiyzed for both hydrostratigraphic units (see Section 8.0, Field Sampling Plan).

Phase IT RFI/RI Work Plan (Bedrock) - 903 Pad, Mound and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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3.2 THE ARAR PROCESS
32.1 ARARs

"Applicable requirements," as defined in 40 CFR 300.5, are "those cleanup standards, standards of control,

and other substantive requirements, criteria, or limitations promulgated under federal environmental or state
environmental or facility siting laws that specifically address a hazardeus sSubstance, pollutant, contaminant,
Only those state standards that
an federal requirements may be
applicable." "Relevant and appropriate requirements," also defified in 40 CFR 3005 are "those cleanup
standards, standards of control, and other substantive reqmrements, criteria, or hnntatlons promulgated

remedial action, location, or other circumstance found at a CERCLA

are identified by a state in a timely manner and that are more str

under federal environmental or state environmental o f cﬂxty siting laws, that, while not "applicable” to a

hazardous substance, pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA
‘ tho encountered at the CERCLA site that their

use is well suited to the particular site. Only those-state st dards that are identified in a timely manner

site, address problems or situations sufficiently sim

and are more stringent than federal requirements may be relevant and appropriate.” The most stringent
promulgated standards are applied as ARAR (Preamble to NCP

322 TBCs

In addmon to apphcable or relevant and appropnate requxrcmcnts advisories, criteria, or guidance may be

category consists of advxs_orl 4

may be useful in devel_:Qi;' [ i

323 ARAR Categories

egories of ARARs. These categories are:

In general, there are three ¢

1. “-Ambient of chemical-specific requirements

2. Location:specific requirements
3. Performance, design, or other action-specific requirements
ARARs are generally considered to be dynamic in nature in that they evolve from general to very specific

in the CERCLA site cleanup process. Initially, during the RI work plan stage, probable chemical-specific
ARARSs may be identified, usually based on a limited amount of data. Chemical-specific ARARSs at this

Phase I RFI/RI Work Plan (Bedrock) - 903 Pad, Mound and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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point have meaning only in that they may be used to ensure appropriate detection limits have been
established so that data collected in the RI will be amenable for comparison to ARAR standards. It is also
appropriate to identify location-specific ARARs early in the RI process so that information may be gathered
to determine if restrictions may be placed on the concentration of hazardous substances or on the conduct

of an activity solely because it occurs in a special location.

Chemical-specific ARARs do not currently exist for soils. As _:tﬁ'eﬁ_r"cmedial investigation proceeds,

information will become available from the risk assessment which will ow a determination of acceptable

contaminant concentrations in-soils to ensure environmental "protectivéness.”

3.2.4 Feasibility Study ARAR Requirements

Development of a preliminary list of potential chen;xéalrsﬁeciﬁc ARAR:s in the RI process also allows the
establishment of a list of preliminary remediation goals mthe early FS process, which is essentially a
tentative listing of contaminants together with init allyan ipdted cleanup concentrations or risk levels for
each medium. Preliminary remediation goals serve tB’"fQC e development of alternatives on remedial

technologies that can achieve the remediation goals, thereby li

g the number of alternatives to be

considered in the detailed remedial aiternat"’ ¢-analysis, conducted later in the FS process. As more
information becomes available during the RI'stage; chemical-:

specific ARARS may become more refined as

constituents are added or deleted, which is often the ¢ase ‘when the RI takes place in numerous phases.

Once data collection is complete, revised chemical specific ARAR selection may be proposed.

When the data collcction <o p e, E‘it is also apprépriate to refine location-specific ARARs which may
beginning of the FS process, a préhm aty-consideration of action-specific ARARs will be conducted. As
remedial alternatnves are scrcéne uring the FS, achon-specxﬁc ARARs will be identified. When a detailed

in the FS1 eport for each remti’dxal altcmatlve regarding the ratlona]e for all ARAR determinations.
33 REME_IiI}kL_;ACTION

CERCLA §121 sﬁé ifically requires attainment of all ARARs. Moreover, as explained in the preamble to
the National Contingency Plan (NCP) (55 FR 8741), in order to attain all ARARs, a remedial action must
comply with the most stringent requirement, which then ensures attainment of all other ARARs.
Furthermore, CERCLA 'requires that the remedies selected attain ARARs and be protective of human
health and the environment. Consequently, preliminary remediation goals based on ARARs will require

modification as new information and data are collected in the RI, including the baseline risk assessment (to

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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be conducted), when ARARs are not available or are determined to be inadequate for protection of human
health and the environment.

331 Remediation Goals

Development of remediation goals is actually a portion of the overr_gﬂ« gé;clopment of remedial action
objectives, which ultimately will define the required endpoint of the_fséleét}éd remedial action. As stated in
the preamble to the NCP (55 FR 8713), "remedial action objective are the ore general description of what

the remedial action will accomplish. Remediation goals are a subset of remﬁdlal action objectives and

consist of medium-specific or operable unit-specific chemxcal Coficentrations that are protectlve of human

health and the environment and serve as goals for the remedial action. The remédial action objectives ...
should specify: (1) the contaminants of concern, (2) exposurc routes and receptors, and (3) an acceptable

contaminant level or range of levels for each exp ur “medium (i.c., a prehmmary remediation goals)."

(a)

sure levels where multiple contaminants or multiple exposure pathways will
cause exposure at ARAR levels will result in cumulative risk in excess of 10

D) " CleanWater Act (CWA) Water Quality Criteria, where relevant and appropriate.

(E) A CERCLA Alternative Concentration Limit (ACL) established pursuant to CERCLA §

121(d)(2) (B)(ii)-

(F)  Environmental evaluations, performed to assess specific threats to the environment.
Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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Once a remedial action alternative is formally selected, all chemical-, location-, and action-specific ARARs
have also been defined in final form. If it is found that the most suitable remedial alternative does not meet
an ARAR, the NCP, at 40 CFR 300.430 (f)(1)(ii)(C), provides for waivers of ARARs under certain
circumstances, such as technical impracticability, risk, or inconsistent application of state requirements.
From this point, the alternative will become the final remedy as it is incorporated into the Record of
Decision (ROD). Once the final ROD has been signed, requirements maybe modified only when they are
determined to be applicable or relevant and appropriate and ncgésgaﬁ' to ensure that the remedy is
protective of human health and the environment (40 CFR 300.43 (f)(l)( )-

3.4 OPERABLE UNIT 2 BEDROCK GROUNDWATER ARARs

The ARARs for bedrock groundwater listed in Tab:_léf 3-1 were developed using the ARARs rationale
described above and were identified by examining the following promulgated standards:

. Safe Drinking Water Act (SDV\;

. RCRA Subpart F concentration limits (40 CFR 264.94)

Criteria (AWQC) whgré eiévantﬁand appropriate, Because groundwater at Operable Unit 2 is a potential

source of drinking wéig;, tthCL
not considered with re'stﬁ'ectvta
nd dri
such criteria 0 groundwater

oundwater, since they are intended for the protection of surface water

relative to fish ingestion- g-water or only fish ingestion. Therefore, it is inappropriate to apply

342 CR‘A»Groundwater l?ro;fection Standards

Owners or oﬁé‘ra;prS"'of__fac ties that treat, store, or dispose of hazardous waste must ensure that hazardous
constituents hstedm6 CCR (Colorado Code of Regulations) 1007-3 and 40 CFR 261, Appendix VIII
entering the groundwaE:E; from a regulated unit do not exceed concentration limits (6 CCR 1007-3 and 40
CFR 264.94) at the point of compliance in the uppermost aquifer. The concentration limits include
standards for 14 compounds (these standards are equivalent to SDWA MCLs and are identifiéd at 40 CFR
264.94, Table 1), with background or alternate concentration limits (ACLs) used as the standard for the
other RCRA Appendix VIII (40 CFR Part 261) constituents or Appendix IX (40 CFR Part 264) constituents
(TBC background groundwater values for RCRA Subpart F are applied using maximum concentrations from

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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background groundwater in both the alluvial and bedrock units at RFP). These concentration limits apply
to RCRA-regulated units subject to permitting/closure (landfills, surface impoundments, waste piles, and
land treatment units). that received RCRA hazardous waste after July 26, 1982. As a result, these RCRA
Subpart F (40 CFR Part 264) regulations are considered relevant and appropriate for groundwater
remediation.

3.43 RCRA Alternate Concentration Limits

As discussed above, RCRA (40 CFR Part 264) Subpart F requires that. cor ctive actions be taken if
hazardous constituents are found to exist at the point of compliance in excess of he established constituent
concentrations. Although these constituent concentratxoné re specifically comprxscd of RCRA Subpart F,
Table 1 constituents, Appendix VIII (40 CFR Part 26 or Appendix IX (40 CFR Part 264) constituent
background values, Subpart F does provide a mechaﬁi.:s 1 for variances from these standards. According to
40 CFR 264.94(b), an ACL may be established for'a ha:
of a RCRA Subpart F, Table 1 constituent stand

adequate protection of human health and the environmen

s constituent if it is determined that attainment

..or bagkground standard is not mecessary to ensure
Furthermore, EPA has stated that for potential
is to set remediati

drinking water sources, the Agency’s prefereng
based ACLs under RCRA (55FR 8666).
ARAR unless it may be determined throﬁgh
adequate protection of human health and the. en ‘onment. Accordingly, hazardous constituent background

levels that are the equivalent of health-

it.is i appropnate to establish background as an

sscssmentth attainment of background is necessary for

appropriate. Table 3-
standards, since the RCRA"

The Cold}ad'g Water Quality Control Commission (WQCC) state-wide groundwater standards are applied
as TBC since they are not yet enforceable. ‘Similarly, since groundwater at Rocky Flats Plant has not been
classxﬁed the usc-spccxﬁc standards in Tables 1-4 of the WQCC Basic Standards for Groundwater at 3.11.0
(5 CCR 1002-8)-will 4ls¢ be 2 pphed as TBC where ARARs are not available.

Of the elements/ compounds detected in groundwater at Operable Unit 2, there are no ARARs for calcium,
magnesium, molybdenum, potassium, sodium, bicarbonate, strontium, acetone, methylene chloride, and
carbon disulfide. However, the Total Dissolved Solids (TDS) TBC establishes the acceptable aggregate
concentration for the above major metal ions (excluding strontium). For the volatile organic compounds,
the RCRA (40 CFR Part 264) Subpart F standard of background (detection limit) is applied as TBC.

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound and East Trenches Areas Draft Final
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3.4.5 Operable Unit 2 ARARs Summary

Table 3-1 shows that certain volatile organics, metals, and major ions that were analyzed have exceeded
potential chemical-specific ARARs at some locations within Operable Unit 2. This does not indicate that
releases of these constituents are occurring, for the concentrations of some.substances may be due to a past
release or to natural geochemical processes. The listing of Table 31 has been presented to identify
parameters for which analysis should be conducted in Phase II and tv_v_ identify the minimum acceptable
detection limits for analytes found in Operable Unit 2 bedr k grou water. The FS will evaluate
technologies that address these constituents. ’

Note that chemical data from monitoring wells 6286 an 1 1487BR are included in b;)th the alluvial and
bedrock work plans for ARARs identification. Well 6286 is'considered to be in the upper hydrostratigraphic
unit (HSU) while Well 1487BR is a lower-HSU 11 ased on the HSU delineation shown in Figure 1-1.

However, both of these wells are relatively shallow in lower intervals of weathered sandstone

that subcrop on the hillside south and southeast 6f.the 903 Pad. As a result, these wells represent a

potential cross connection between the upper and lower
(Figure 2-24).

SUs;-as described in the site conceptual model

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado _ January 24, 1991
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4.0
DATA NEEDS AND DATA QUALITY OBJECTIVES (DQOs)

The primary objective of a RFI/RI is to collect the data necessary to determine the nature, distribution, and

migration pathways of contaminants. This information is used to support a baseline risk assessment which

determines the need for remediation and evaluates risks associated yyifh arious remedial alternatives. Five
general goals of a RFI/RI are (EPA 1988a): '

® Characterize site physical features
e Define contaminant sources

e Determine the nature and extent of conta
¢ Describe contaminant fate and transport/

¢ Provide a baseline risk assessment

identified fo achieving identified goals. DQOs are qualitative and
rid guantity of data required by the RFI/RI (EPA 1987).

quantitative statements thdt dé

These determination a‘_réﬂ facili

. evaluate/available data

Mg “devel p gd;)ceptual model

- “specify/objectives/decisions

Phase 11 RFI/R1 Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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e STAGE 2 - Identify data uses and needs

- identify data uses

- identify data types

- identify data quality needs

- identify data quantity needs

- evaluate sampling/analysis options
- review PARCC parameters

® STAGE 3 - Design data collection program

- assemble data collection componenﬁs’g

- develop data collection documentati

The three stages are implemented for each phase of the RF’ RI. The DQO stages are undertaken in an

interactive and iterative manner whereby all the elements of th DQO process are continually being reviewed

identify all data needs during the RFI/RI

are obtained and evaluated.

42 SUMMARY OF EXISTING SITE, DATA AND CONCEPTUAL MODEL

The existing data ha\;e;beap evaluated-and. suppoft the following tentative conclusions:

appears to ==»be a potential for dense, non-aqueous phase liquids to be present in locahzed

depressions in the relatively permeable portions of the upper HSU and in weathered or fractured

claystone at the bottom of the uppermost unconfined aquifer.

e Relatively low concentrations of volatile organic compounds have been detected in samples of

‘ groundwater from four wells screened in the unweathered claystone and lower sandstone
Phase Il RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas Draft Final
Rocky Flats Plant, Golden, Colorado ’ January 24, 1991
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bedrock. These four wells are 1887BR, 2087BR 3487BR, and 4086BR. For the most part, these
data have not been validated. There is a potential for contaminated groundwater in the
unconfined groundwater flow system to enter lower sandstones where they subcrop beneath
relatively shallow colluvium south and southeast of the 903 Pad area. Wells constructed prior

to 1986 may also represent a potential pathway of contaminatipn from the upper HSU to the
lower HSU(s). '

¢ The predominant component of the groundwater hydraulic gradient in the bedrock is potentially

downward. The horizontal component of the hyd pears to be generally toward
the east. However, in general, the bedrock ground exs T ot, well understood and

‘ own At present, it is believed that the majority

upgradient sources to be present.

upgradient of lower sandstones

; d on the site conceptual model, site-specific’ RFI/RI
ng potential sources of bedrock contamination and nature
4-1. The specific plans and rationale for
Plan, Section 8.0.

and extent of contaminatiori=i

obtaining the required dat

qual] hjectives specified in Table 4-1 will be collected in accordance to the
Rocky F}=5i§:::i51ant E_nvironni ntal Restoration (ER) Program Standard Operating Procedures (SOPs) and
through acih-egence to the R ky Flats Plant ER site-wide Quality Assurance Project Plant (QAP)P).
Chemical 'anglyvs'és_v:will beﬁp‘er”’érmed in accordance with General Radiochemistry and Routine Analytical
Services Protocol (GRRASPY (EG&G 1990f).

Analytical methods with detection limits below or near potential chemical-specific ARARs (see Section 3.0)
will be used to facilitate comparisons of resulting data to potential ARARs. Table 4-2 summarizes the

required analytical levels referenced in Table 4-1.

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad. Mound, and East Trenches Areas Draft Final
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TABLE 4-2

SUMMARY OF ANALYTICAL LEVELS

Required Analytical Level

Water level meas
pH measurcment
Eh measuremen :

Level I (Field Screens)

Screening for radionuclides v.(beta-gamma)
Temperature .

Specific conductance

Screemng for buried objects (magnetometer, pipe

Level 1I (Field Analyses) . ing fer organics (GC)
Scree ng/for metals (ICP)

‘radionuclides (gross beta/gross alpha

T_Analysxs of ngir eering properties

Level I (Laboratory Analyses using k
EPA Standard Methods)

Major" ion-analysis
Organics. analysis
“ Inorganics analysis

Level IV (Laboratory Analyses- usmg
EPA CLP Methods)

Analysis of Target Compound List (TCL) and
rget Analyte List (TAL)

Radiological analyses

Chemical analyses requiring modification of
standard methods

Special Analytical Services (SAS)

Level V (Nonstandard A

Source: EPA St

Note: Spccxfic methods d scr ed in SOPs and/or QAA

Phase 1T RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas, Draft Final
Rocky Flats Plant, Goiden, Colorado, January 24, 1991
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5.0
REMEDIAL INVESTIGATION TASKS

The following is a list of tasks to be accomplished during the RFI/RI for ‘_Operable Unit 2. Each task as
discussed in detail in the Phase II Bedrock RFI/RI Work Plan will be co inated with the corresponding
task in the Phase II RFI/RI Alluvial Work Plan.

5.1 TASK 1 - PROJECT PLANNING

The project planning task includes all efforts required to 'mt;ate both the alluvial and bedrock components

of this Phase II RFI/R] of Operable Unit 2. Activitie rtaken for this project have included a review

of the Phase 1 RI results as well as other previ us, nvestlgatlon results, review of historical aerial

photography, preliminary evaluation of ARARs, an scoping:ofithe Phase 11 RI. Results of these activities
are presented in the alluvial work plan (EG&G )0cY-and .in Sections 1.0 (Introduction) and 2.0 (Site

Characterization).

During the Phase I RI, a complex deposmon aI ‘pattern was recog d in the bedrock beneath the 903 Pad,

Mound, and East Trenches areas.

_ 18- )} (;rk Plan, have been prepared which pertain to this Phase
gency Agreement (JAG) between DOE, EPA, and CDH. This Work
ning task in addition to plans for the Phase II RFI/RI. A Field
ment presents the locations, media, and frequency of sampling
quired by the TAG is a Sampling and Analysis Plan (SAP). Included in the
jject Plan (QAPjP) and Standard Operating Procedures (SOPs) for all field

Sampling Plan (ESP)incly
efforts. Thé séEond documet
SAP ar¢ a Quahty Assurance

actwltles

5.2 TASK 2 - COMMUNITY RELATIONS

In accordance with the draft IAG, the Communications Department at Rocky Flats is developing a Plant-
wide Community Relations Plan (CRP) to actively involve the public in the decision-making process as it
relates to environmental restoration activities. A Draft Community Relations Survey Plan has been
completed and forwarded to EPA, CDH, and the public for review. This Phase II RFI/RT work plan
specifies activities planned to complete the Plant-wide CRP, including plans for community interviews. The
Phase I RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final

Rocky Flats Plant, Golden, Colorado January 24, 1990
22578E/R1.5 01-24-91/RPT ’ Page 5-1



draft CRP will be completed in September 1990 in accordance with the draft IAG schedules. Accordingly,
a site-specific CRP is not required for Operable Unit 2

The Communications Department also is continuing other public information efforts to keep the public
informed of environmental restoration activities and other issues which relate to Plant operations. A

Speakers Bureau program sends speakers to civic groups and educational "'x"f‘ﬂanizations while a public tour

program allows the public to visit Rocky Flats. Road tours of areas such_ s the 903 Pad, Mound, and East

Trenches areas are common dunng publlc tours, as well as other four: ‘,arranged for publnc officials. An

media, and busmeis and civic organizations to further d elated to Rocky Flats and

environmental restoration activities. The Communicati

Department also re,,gel\(es numerous public
inquiries, which are answered through telephone conversations or by sending written informational materials

to the requestor.
5.3 TASK 3 - FIELD INVESTIGATION
The Phase 1I RFI/RI (Bedrock) field investigation is desig

to teet the objectives outlined in Section 4.0.

on samples to further characterize the

spaces in bedrock op-that-

“ groundwater flow rate:

. COH ct water level measurements in the monitoring wells to further characterize hydraulic

oradlents that' wi }be used to evaluate groundwater flow directions.

o Collect and analyze groundwater samples from monitoring wells to characterize the nature and

extent of bedrock groundwater contamination.

Sample locations, frequency, and analyses are presented in Section 8.0. All field activities will be performed
in accordance with the Rocky Flats Plant ER Program SOP.

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1990
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5.4 TASK 4 - SAMPLE ANALYSIS AND DATA VALIDATION

Analytical methods for chemical analyses are provided in the ER Program Quality Assurance Project Plan
(QAPjP). Also provided in this document are the analytical detection limits, sample container and volume
requirements, preservation requirements, and sample holding times. Project specific requirements are

included in the Quality Assurance Addendum, Section 9.0 of this Work

Data willbe reviewed and validated by the ER Program staff. Resu

will be documented in data validation reports. EPA data vali

validating organic and inorganic (metals) data (EPA 1988b). “Validation methods “for radiochemistry and

major ions data have not been published by the EPA; however, data and documeﬁiﬁtiqﬁ requirements have

been developed by ER Program QA staff. Data validafi

methods for these data are derived from these
described in the QAP)P.

_requirements. Details of the data validation process’ a

5.5 TASK 5§ DATA EVALUATION

Data collected during the Phase II bedrock RI will be incorporated, with Phase II alluvial data, into the

aracteristics, soutce characteristics, the nature and extent

existing database and used to better de ::ne site ¢

of contamination, and to support the :b,_v_as in¢“risk assessmient and evaluation of proposed remedial

alternatives.

Geologic and hydrologic

data will be used to dgggxil;;thg s

Hydrogeologic data will be.used

5.52 Source Characterization

The results of the alluvial RFI/RI will be carefully evaluated to identify potential sources of bedrock
contamination. The potential sources evaluated will include: (1) plumes of dissolved (aqueous phése
contaminants in the upper HSU, (2) pools or pockets of non-aqueous phase contaminants near the bottom
of the upper HSU, and (3) unidentified off-site sources located topographically and/or hydraulically

upgradient of the site.

Phase 11 RFI/Rl Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1990
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Analytical data from the source boreholes will be used to :

. Confirm IHSS locations

. Characterize the nature of source contaminants

. Characterize the lateral and vertical extent of source contaminants
. Determine the maximum onsite contaminant concentrations

. Quantify the volume of source materials

At those THSS locations which are trenches, geologic data from '

& source b reholes will determine the

trench depths and characterize trench contents.

5.5.3 Nature and Extent of Contamination

Analytical data from samples of bedrock groundwater /wi ised to characterize the nature and extent of

contamination. The criteria for the identification ‘of cortamingtion will be analyte-specific, as discussed in

Subsection 2.2.2, Background Characterization. the implementation of these statistical
tion of each analytical data set into
appropriate hydrogeologic units (e.g.,the samples-from similar sandsfgne lithologic units or claystone would
be categorized together). The identificat]
collected during the Phase II RFI/RI. The

parameters will be further characterized and va‘Iu_a d in the context of the potential role of evaporative

imeated..through the use of isopleth maps and cross sections. . The
c¢omputerized calculation methods to contour the isopleths for the most
w be investigated. Appropriate statistical techniques will be used to

ibution and source areas.

Comparisons of analytical di%lta;f from alluvial and bedrock groundwater will be made to investigate the

movemeiit. of Sontaminants.

5.6 TASK 6 - BASELINE RISK ASSESSMENT

A baseline risk assessment will be prepared for the 903 Pad, Mound, and East Trenches areas as part of the
Phase II RI to evaluate the potential threat to the public health and the environment in the absence of
remedial action. One risk assessment combining the bedrock and alluvial components of the RFI/RI will
be conducted. The baseline risk assessment will provide the basis for determining whether or not remedial

action is necessary in the area and serve as the justification for performing remedial action (EPA 1988a).

Phase 1T RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1990
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Several objectives will be accomplished under the risk assessment task including identification and
characterization of the following (EPA 1988a):

. Toxicity and concentrations of hazardous substances present in relevant media (e.g., air,

groundwater, soil, surface water, sediment, and biota)

. Environmental fate and transport mechanisms within specific efivironmental media, and cross-

media fate and transport, where appropriate

. Potential human and environmental receptors

J Potential exposure routes and extent of actu xpected exposure

o Extent of expected impact or threat and the liKelihoed of such impact or threat occurring (i.e.,risk

characterization)

EPA and other guidance documents. The risk a_ﬁ”essment will address the potential public health and

environmental lmpacts associated with the si dersthe no-action alternative (no-remedial action taken).

remedies based on the contaminants of concern and the

® . ExXposure assessm

o . Toxicity assessmen;

5.6.1.1 Contaminant Identification

The objective of contaminant identification is to screen the information that is available on hazardous

‘ substances or wastes present at the site and to identify contaminants for the risk assessment process.
Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Piant, Golden, Colorado January 24, 1990
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Previous work characterizing aspects of the Rocky Flats Plant and the surrounding area has been performed.
Additional sampling and analysis of various media will take place in order to support the human health risk
assessment, the ecological assessment, and to further characterize the site. Reduction in the number of
contaminants identified to a list of "contaminants of concern” will be evaluated in accordance with EPA
guidance (EPA 1989a).

5.6.1.2 Exposure Assessment

The objectives of the exposure assessment are to identify actual or potem 1. éxposure pathways, to identify

and characterize potentially exposed populations, and to deter

ige the exte’n:tu__o?*ex_posure. An exposure

pathway is comprised of four elements:

1) A source and mechanism of chemical release to the environment

. D_ffc_yelop exposure ‘scénarios for each identified pathway and select those scenarios that are

; pl_aﬁéibl;

e Identify scenarios’assuming both existing and potential future uses

. Develop an estimate of the expected exposure levels at the exposure points from the potential

release of contaminants

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado . January 24, 1990
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Appropriate exposure scenarios will be identified for the site. Scenarios which could potentially be
considered include natural residential, commercial/industrial, and/or recreational use. Factors to be

examined in the pathway and receptor identification process will include:

. Location of contaminant source

o Local topography

. Local meteorological data

. Local geohydrology/surface water hydrology

. Surrounding land use

. Local water use

. Prediction of contaminant migration .

. Persistence and mobility of migrating contamj ants

For each migration pathway and for existing add future sdand use, receptors will be identified and

characterized. Potential receptors will be definedl.by the apprepriate exposure scenarios.

5.6.1.3 Toxicity Assessment

In accordance with EPA’s risk assessment guidelines, the praje ted concentrations of chemicals of concern

at exposure points will be compared with RARs to/judge-the dégree and extent of risk to public health and

the environment (including plants, animals, and ecos tems). Because ARARSs do not exist for certain media

(such as soils) and not all ARARs-are health-l;hse his comparison is not sufficient in itself to satisfy the

Ambient Water quah y criteria for protection of human health

. Cénter hfor:,_\_Dis ase Control and Agency for Toxic Substances and Disease Registry soil advisories

¢ National Ambiént Air Quality Standards

Critical toxicity values (i.e., numerical values derived from dose-response information for individual
compounds) will be used in conjunction with calculated media intake determinations to evaluate potential
risk. Toxicity reference values from EPA’s Integrated Risk Information System (IRIS) will be used in

preference to other EPA reference values.

Phase I RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1990
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The baseline risk assessment will also include a summary of significant toxicological studies performed for
chemicals of concern. The quality of these studies and their usefulness in estimating human health risks will
be described. A more detailed explanation of the toxic effects for chemicals of concern will be provided in
appendixes to the human health risk assessment and the environmental evaluation. Toxicity reference values
will also be summarized. For the human health risk assessment, this willinclude a brief description of the

studies upon which selected reference values were based, the uncertainty. factors used to calculate risk

reference doses (RfDs), and the EPA weight-of-evidence classification for carcinogens. For those chemicals

without EPA toxicity reference values, a literature search, including cdmpiiter data bases, may be conducted

from this information. EPA

for selected compounds. A toxicity value will then be derived, whén po»_:vsnbl

guidance will be followed regarding the appropriateness of the data and the miethodologies to be used in

deriving reference values. Uncertainties regarding the toxicity assessment will'bg di:

Two types of critical toxicity values will be used:

o The risk reference dose (RfD)

. Slope factor (for carcinogenic chemicals on

5.6.1.4 Risk Characterization

Risk characterization involves integrating ' ssgmp.t__ions‘" and toxicity information to quantitatively

estimate the risk of adverse health effects. Risk charagterization will be performed in accordance with EPA

guidance and a quantitative risk estimate willbe er ormed for all chemicals. To assess the potentxal adverse

(chronic) ex’bo tires to low: c ncentra ions, two intake levels will be calculated for non-carcinogens for each

route ofe exposure to carcinogens. A reasonable maximum estimate of exposure based on the 95 percent
upper conﬁdence limit of the analytlcal data will be used where applicable. Risk will be quantified by

comparison“ef ¢ ﬁntavmman mtakes at exposure points to quantitative criteria for protection of human health

An uncertainty analysis will be performed to identify and evaluate factors that may produce uncertainty in
the risk assessment, such as assumptions inherent in the development of toxicological endpoints (e.g.,potency
factors, reference doses). If necessary, a health risk assessment will be used to define and evaluate relative

health risks associated with the potential remedial alternatives.

Phase I1 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1990
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5.6.2 Environmental Evaluation

The objective of the environmental evaluation for Operable Unit 2 is to determine if the contaminants have
caused or are causing an adverse environmental impact. The data to be collected will be utilized in
conjunction with existing data to determine the bio-availability and toxicity of the contaminants to the flora

and fauna of the 903 Pad, Mound, and East Trenches areas.

provided in "Risk Assessment
989d) as part of the 903 Pad,

tion will be limited to the use

The environmental evaluation will be conducted according to g.ufi:dan
Guidance for Superfund,” Volume II, Environmental Evaluation Ma il
Mound, and East Trenches areas Phase II RFI/RI.
of existing data as is recommended in the cited EPA guxd, ce. The radioecology- study (Rocky Flats Plant
[Rockwell International 1986f]), the Final

anid surface water chemical data, and any biological

Radioecology and Airborne Pathway Summary Repﬁ
Environmental Impact Statement (DOE 1980), the soils

parameters collected during this environmental evaluation will be utilized to assess both the current and

future ecological impacts within Operable Unit ?

In order to accomplish the work plan ob)ectwe a number of ac 1v,'t' s are prepared and executed. These,

are briefly described below:

. Project Preparation. This activi ep eseﬁts_ the project planning, preparation of the work plan,

and preparation of the sampling and ‘analyses plan (SAP). The SAP incorporates two other
ling lan (FSP) and quality assurance project plan (QAP)P).

w1th nd=~ mte ated mto the existing data bank to provide up-to-date 1nformatxon on condmons

s to identify and provide data on specific chemical/radiological contaminants,
transport m vhamsms, and environmental receptors in order to conduct the baseline risk

assessment.

. Environmental Risk Assessment.  The environmental risk assessment incorporates the

environmental data gathered in the previous activities, characterizes documented or potential

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant. Golden, Colorado v January 24, 1990
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contaminant exposure pathways and exposure point concentrations, and assesses the risk or threat

to wildlife, protected species, or habitats.

. Remediation Criteria. Statutes require the selection of remedial actions sufficient to protect the
environment. This activity entails the consideration of federal and Colorado state laws and
regulations pertaining to the preservation and protection of natural resources that are applicable

thesf are available. Available data

for the environmental risk assessment are utilized to the exten

will be evaluated and, to the extent practicable, critefia Ml] be established that' address

environmental protection.

] Environmental Evaluation Report. This activity entails the preparation- of the report that

addresses the scope of the investigation, site /nvironmental characteristics and contaminants,
characterization of exposure and risk, remediation criteria, conclusions, and limitations of

-assessment.

5.7 TASK 7 - TREATABILITY STUDIES

This task includes efforts to provide technical support in the form of bench scale treatability tests to the

Rocky Flats Plant (RFP) Environmenté%-i.v_ Restoration “Program. These tests are intended to support the

Operable Unit 2 bedrock component of tHe R I/RI STt 18- assumed at this time that, if contamination of the

bedrock is found, remediation willinvolve groundwater treatment, possibly in conjunction with containment

and monitoring. However, oth hno]omes applicable to local areas of relatively high levels of

contamination where treatmen e *bedrock 1ts_ f may be feasible.

and scres m of rertedial alternatives (Subsection 6.1).

Numerom techno]omes tha appeared to be potentially applicable for treating Operable Unit 2 were
screened for treatablhty testmg Contaminants consist of spent solvents, radionuclides, and oils. The

technologies selected for scrés ening were limited to those already commercially established or which have

demonstrated potentxalv for'processing similar contaminants. Additionally, the technologies considered were
required to be readily implementable (i.e., standard pre-engineered units available) within a short time

frame. Innovative and alternative technologies were not considered.
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Depending on the specific yield of the bedrock matrix considered for remediation, it may be feasible to
collect groundwater for treatment above ground. In that case, the following technologies have been

identified for potential testing:

o Chemical Oxidation of Organics - Chemical oxidation is used to degrade hazardous organic
materials to less toxic compounds. Oxidation systems, particularly those using ultraviolet (UV)

light, ozone, and hydrogen peroxide, are powerful tools for't

'tmg a wide variety of common

organic environmental contaminants. Disadvantages are $imu ﬂ_ér to those for inorganic oxidation
reduction potential nontarget organics and inorganics ndesirable side products and

increase oxidant requirements.

o Granular Activated Carbon (GAC) Adsorption 'f;Organics - GAC adsérpiion 1s the most fully

developed and widely used technology for fr flhg groundwater contaminated with organics. It

is effective for the removal of a wide range of organics from aqueous waste streams. Bench scale

testing would consist of running a s criptive tests to determine isotherms for the

groundwater contaminants. GAC is typieally regenerated with a thermal process and. the

¢ This process involves the transfer of contaminants from a contaminated

e by pdSQino the two countercurrent streams through a packed tower.

. n - Dis i ion isa process that involvesseparating compounds according to their boiling
: ' The primary use of distillation is for reclaiming spent solvents from
industrial i"jmgegses, and it is generally applicable only to rather concentrated solutions. The
process can be used to separate various volatile compounds or to separate mixtures of organics
into light and heavy fractions. The light fraction can usually be recycled or used as a boiler feed,

while the heavy fraction requires further treatment.
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. Biological Reactor - Depending on the specific yield of the bedrock matrix, it may be possible to
extract groundwater and use biological reactors utilizing microorganisms to remove organic
contaminants from the water. Most organic contaminants can be biologically degraded by
introducing the appropriate microorganisms. High concentrations of some organics and the
presence of metals may prove toxic to the organisms, and pretreatment may be required. Several

types of aerobic reactors exist, such as activated- sludge system tr kling filters, rotating biological

contactors, and immobilized cell reactors. In general, thes ‘methods generate large amounts of
sludge, requiring disposal.
aiid,_ radlonuclldes is a standard

. Sorption of Radionuclides - Sorption of inorganic§, mietals,

technique for removal and concentration of these _contarmnants from wast water. The sorption

media are generally chemically regenerated, W, lch’results in a concentrated “side stream requiring

further treatment or disposal. Common a

eved sorption processes include ion exchange and
GAC, while less proven techniques i suse of activated alumina, bone char, and
proprietary sorption media. lon exchahge C/will be addressed separately.
Activated alumina is a porous form of aluminu ith a large surface area. For removal

of aqueous contaminants, actl ated- alumma is typically.uséd in a column similar to that for ion

exchange. It has been proven to-be s ccessfu}--»-»:-.m }ithe removal of arsenic and fluoride from
groundwater (Rubel 1980), Mor

plutonium from a low-level wastewater ef» uent at the Hanford Site (Barney et al. 1989), In the

recently actwated'alumma has shown promise in absorbing

same study, plutonium-adsorption on bon :.char adsorbent was the most rapid and gave the highest

“removed from waste streams at nuclear facilities using ion exchange.

Totr excﬁanee res»i'hs particularly anion exchange resins, have been used to recover uranium from

mine runoff wat 23 for many years. Extensive studies on the laboratory scale report removal of

uranium froin, natural waters as high as 99 percent (Sorg 1988). A small full-scale ion exchange
system was capable of removing uranium from drinking water supplies to as low as 1/l (Jelinek
1988). Ion exchange resins are typically rechargeable; however, the resins used in radioactive
applications are generally only used once and are then disposed of as a solid waste. Although

published information in the removal of plutonium from natural waters by ion exchange has not
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been found, there isindication that ionized plutonium is removable using this technology (Marston
1990).

In cases where collection of groundwater is not feasible or practical, the following technology was identified

for potential testing:

. In Situ Biological Treatment - Depending on the effective porosny of the bedrock, in situ

biological treatment may be feasible. In situ biologica treatmem of groundwater involves the

stimulation of biological growth in the contaminated zone r to reduce the contaminant

concentrations. Microorganisms that can use som

T all of the ont" mmants as substrates will

The efficiency of the process is highly

ineffective in low- permeability bedrock.

stab ization ;re fréqueﬁtly sed together and are a well-established method for reducing the

Ip'(’;iaility and toxi

ity of hazardous wastes. This process generates large volumes of solidified
., materials requiring disposal.

. Vitrification “~ Te vitrification process involves heating the waste matrix to a very high

temperaturwé"*--agd'either combining the matrix with molten glass or heating the matrix until it melts.
Once cooled, the molten mass solidifies into a stable, noncrystalline solid resistant to leaching of
inorganic, metal, and radionuclide contaminants. Organic components are destroyed by pyrolysis.

The process can be conducted either in situ or off site; however, the process is generally expensive.
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5.8 TASK 8 - REMEDIAL INVESTIGATION REPORT

An RI Report will be prepared to consolidate and summarize the data obtained during Phase I and both

the alluvial and bedrock components of the Phase II field work. This report will:

J Describe in detail the field activities which serve as a basis f T t e RI report. This will include

any deviations from the work plan that occurred during impl"feq?é}mtation of the field investigation.

. Thoroughly discuss site physical conditions. iséussion_ will, include surface features,

dr’olggy,demography and

to further characterize the nature ontamination, as well as the rate of

contamination migration. The media t

groundwater, surface water, air, and biota.

. Present a supimary of the fin ingsdird-eonclusions and recommendations for the feasibility study.

Some of the above tasks;-such project planning, field investigation, sample analysis, validation and

evaluation, and,.possibly-treatability stydies, will be implemented separately for the alluvial and bedrock

components,of the' RFI/RT, Howe er tasks such as community relations and baseline risk assessment

will treat Op rable Unit 2 whole. A single RFI/RI report will be prepared to consolidate and
summarize "‘vthev: data obtaine du?ring Phase I and both the alluvial and bedrock components of the Phase 11
field worvk.»-;.._,b__b
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6.0
FEASIBILITY STUDY TASKS

The following are tasks to be accomplished during the CMS/FS for Operable Unit 2. Each task is discussed
in detail in the Phase II Bedrock RFI/RI Work Plan (Task 9) will be coordmated with the corresponding
task in the Phase II RFI/RI Alluvial Work Plan.

6.1 TASK 9 REMEDIAL ALTERNATIVES DEVELOPMENT v'S‘ REE

This section identifies potential technologies applicable to.the remediation of " contammated bedrock at

Operable Unit 2. The identified technologies are based;on, he site characterization and the site conceptual

model developed in Section 2.0. Identification and“scréening of technologies and assembling an initial

screening of alternatives will be conducted while thie

evaluate alternatives for Operable Unit 2
Compensation and Liability Act of 1@80

The steps followed to dg

areas are discussed bélow:

eédial action objectives based on: chemical- and radionuclide-specific

ble); site-specific, risk-related factors; and other criteria, as

Y __ v_:,_,-.__}:‘Develop al general types of actions appropriate for the bedrock beneath the 903 Pad,

“, Mound ah East Trenches areas (such as containment, treatment, and/or removal) that

en to satisfy the objectives defined in the previous step. These general types or

classé"'s’"'féf action are generally referred to as general response actions in EPA guidance.

. Identify and screen technology groups for each general response action. For example, the
general response action of containment can be further defined to include the in situ

stabilization of contaminants in a form that is less mobile or immobile in the biosphere.
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Other containment alternatives could consist of groundwater barriers such as slurry walls.

Screening should eliminate those groups that are not technically feasible at the site.

J Identify and evaluate technology options for each technology group to select a

representative process for each group under consideration. Although specific process

options are selected for alternative development and evaluation, these processes are

intended to represent the broader range of options withi a general technology group. For

example, a soil bentonite slurry wall may be selected as epresentative of vertical barriers

and would be used for technical and cost comparisons

. Assemble the selected representative technologies into site closure é’nd corrective action

alternatives for the bedrock beneath thé 903vPad Mound and East Trenche< areas and that

represent a range of treatment an ’amment combmatmns as appropnate

o Screen the assembled alternativesagain; “short- and long-term aspects of three broad

criteria: effectiveness, 1mplementab111t' ost. Because the purpose of the screening

compounds achieved after response ob)ecuvec have been met.

Implementa};i‘f y-isd measure, of technical and administrative feasibility of constructing, operating,

ction alternative. It is used during screening to evaluate the comibinations of

and maintaining a remedial”
process” op:t_’i:‘ons with respect: to the site-specific conditions. Technical feasibility refers to the ability to

construct; reliably operate, »_»ai'nd ‘comply with action-specific (technology-specific) requirements in order to

complete then?remea"ial\_”ac:;.' n, Administrative feasibility refers to the ability to obtain required permits and

approvals; to obtairr .;.the:'n:_eééssary services and capacity for treatment, storage, and disposal of hazardous

wastes; and to obtain esSential equipment and technical expertise.

Cost estimates for screening will be derived from cost curves, generic unit costs, vendor information,
conventional cost estimating guides, and prior estimates made for Rocky Flats and similar sites, with
modifications made for Rocky Flats Plant conditions. Absolute cost accuracy is not necessary. The cost
estimates for the alternatives, however, will have the same relative accuracy for comparison and screening..
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The cost estimating procedures used during screening are similar to those that will be used during the later
detailed alternatives analysis. The later detailed analysis however, will receive more in-depth and detailed
cost estimates for the components for each alternative. The screening cost estimates will include capital,
operating, and maintenance costs. The operating and maintenance costs will be calculated for the lifetime
of the treatment unit operation at the site. Present worth cost analysis will be used for alternatives in order

to make the costs for the various alternatives comparable.

Alternatives with the most favorable results from the composite_:,-éiza ion will be retained for further

serutiny during the detailed analysis. Not more than ten altern

wj:llbe-.-».,,getained for detailed analysis

(including containment and no action). At that time, it may be’determitied vtﬁ‘at ‘additional site-specific

information or technology-specific treatability studies are necesqary for an ob;ectwe detaxled analysis. Also,
it will be necessary to identify and verify the action# Sp tific applicable or relevant and appropriate

requirements (ARARs) that each respective alternative will be required to meet.

At the Phase II RFI/RI Work Plan state, the approp

of general response actions most applicable to the ty

vel of alternatives analysis requires the listing

f sitetunder investigation. General response actions
are defined as those broad classes of actions that may the_objectives for remediation defined for

Operable Unit 2 bedrock. Table 6-1 prevides-a,list and description 0f general response actions and typical

technologies associated with remediating

bedrack nd “Bedrock waters. Table 6-1 also includes a general

statement regarding the applicability of the géneral/response..attion to potential exposure pathways.

The response actions outlined jin -'T-able 6-1 mu b pplied to the potential exposure pathways that will be

1 the transport medium, and 3) at the point where the contact with the released contaminant could be

prevented

While the 1dent1F cation of Qeneral response actions is discussed above, the selection of the most appropriate

action or combmatlon ‘of; actlons is not warranted at this time. Site and contaminant data are not sufficient

to initiate the screening process. The following data requirements have been established for the Phase 11
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RFI/RI effort for characterization of the source and groundwater contaminants and for the preliminary

screening of alternatives:

. Describe contaminant fate and transport in bedrock

. Site physical characterization

Collect and analyze bedrock and groundwater samples beneath release areas to

evaluate contaminant spread

Describe and characterize bedrock geohydgol'bgy“

Determine depth to water table and areas of saturated bedrock

Groundwater flow regime w1thm edrock

Rock types and general engin eri
Depth to bedrock

Depth to groundwater

¢ properties -

t 1s the process of analyzing and comparing relevant

remedlal action. Each alternative will be assessed against nine evaluation

. ‘COmplxance with apphcable or relevant and appropriate requirements (ARARs)

. Long-term effectiveness and permanence
. Reduction of toxicity, mobility, or volume
. Short-term effectiveness

. Implementability

. . Cost
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o State acceptance

] Community acceptance

The above criteria are described in the CERCLA EPA guidance document (EPA 1988a). The initial two

criteria are considered threshold- criteria because these alternatives st .be satisfied before further

consideration of the remaining criteria. The next five criteria are considered the primary criteria on which

the analysis is based. The final two criteria, state and community acqgﬁtan e, are addressed during the final

decision-making process after completion of the FS/CMS. A mére_detailed description of each criteria

follows.

Overall Protection of Human Health and the Environmen :

The alternatives will be individually analyzed to ne whether they provide adequate protection of

human health and the environment. n focuses on how the risks posed hy each
pathway are being eliminated, reduced, or controlléd by treapment, engineering, or institutional measures.

Compliance with ARARs

Each alternative will be analyzed to determine: whether i il comply with all state and federal ARARs that

have been identified.. The analysis will ad vre'ss‘ gom liance “with chemical-specific, location-specific and

action-specitfic ARARs. If an alternative will nat comply with an ARAR, the FS report will present the basis

for justifying a waiver.

Long-Term Effectivengsé id Permanéh

This criterion assesses thé-risks tHat remain at the site after the response objectives have been met. The

alternative, the

manage untreated wastes ang

treatment residuals will be addressed.

Reducti(;h Qf_' %Oxigit\'. Mol_; Jity:, or Volume Through Treatment

This criterion evaluates the statutory preference ‘of selecting remedial actions that permanently reduce

toxicity, mobility, or volume of the hazardous materials. Factors evaluated for each alternative will include
the proposed treatment process and the materials treated; the quantity of materials to be treated or
destroyed, and how the primary hazardous threat will be addressed; the estimated degree of the reduction
in toxicity, mobility, or volume that will be achieved; the extent to which the treatment will be irreversible;
the type and quantity of treatment residuals that will remain following treatment; and the determination

whether the alternative will comply with the statutory preference for treatment.
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Short-Term Effectiveness

Short-term effectiveness refers to the effects an alternative may have during construction and implementation
phases until the cleanup objectives have been achieved. Alternatives will be evaluated to determine the
effects on human health and the environment during implementation. Each alternative will be assessed

against the following factors: protection of the community and workes during the remedial action

environmental impacts and the time required to achieve the remedial”action objectives.

Implementability

This criterion assesses the technical and administrative feasibility of implementing,_an’alternative, and the
availability of necessary services and materials. T_hé fbilowing factors will be analyzed during the

implementability assessment: the technical feasibility of construction and operation; the reliability of the

adequate offsite hazardous (or mixed) waste treatmé

equipment, expertise, and other services and materials.

costing assumptions. Capital.-costs
overhead costs. Operatin_
remedial action on a con
If this

range of minus 30 percent to plus 50 percent.

the total sestimated cost of, an alternative. The cost assumptions will be based on site-specific data,

technold}gic;ai operating data, etc,, although the assumptions will be subject to varying degrees of uncertainty,

dependirig on the accuracy of the data.

State Acceptance‘

This criterion addresses the state’s administrative and technical issues and concerns with each of the

alternatives.
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Community Acceptance

The community acceptance program addresses the public’s concerns and issues with each of the alternatives.

6.3 TASK 11 - FEASIBILITY STUDY REPORT

The FS report will contain a narrative discussion of each alternative’s  evaluation against the nine criteria

listed above. As with the RI report, the FS report will address both the ‘alluviél and bedrock components

r the bedrock than for the

of the site. There 1s a potential for different alternatives to be’comnsi

uppermost aquifer. The narrative will describe how each al m tive add ses” he technical treatability

ction of human health and the environment,

issues, long-term and short-term effectiveness, costs, pr

compliance with ARARs, etc. Once the alternatives hav . been described, a comparatlve analysis will be

conducted to evaluate the relative performance f each alternative.  The relative advantages and

disadvantages of each alternative with respect to theé other altgmatives will be determined in order to assess

ial action. A narrative discussion of the

Following completion of the FS process, th
management will be used as.the-

Although the purpose of

iption of the feasibility study and its results. The report will include

ature and extent of problem; summary results of the RI; risk

and the recommen_, ed remedial acnons This task includes development of a Draft FS, a

1ev15ed Draft -FS that mcofporates EPA and CDH comments, and preparation of a Final FS that

incorporates’ publlc comments ‘

As with the RFI/RI,‘t».A""soﬁife portions of the CMS/FS may be conducted separately for the bedrock and
alluvial components of the site. It is likely that remediation requirements will not be the same for the
bedrock as for the upper hydrostratigraphic unit (HSU). However, both the bedrock and alluvium will be
addressed during the CMS/FS and only one CMS/FS report will be prepared.
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7.0
SCHEDULE

The schedule for conducting the Phase II RFI/RIFS is summarized in Figure 7-1. The schedule includes
both the alluvial and bedrock components of the RFI/RI and the Corre tive Measures Study/Feasibility
Study (CMS/FS) activities. Dates are not shown since the JAG had-n

/yet been signed at the time this

work plan was prepared. However, at the time of work plan pre
with recent drafts of the IAG schedule. '

n, the schedule was in accordance

As discussed in Section 8.0,Field Sampling Plan, the RFI/: or bedrock charactéﬁz{xnﬁn will be conducted

in steps. After the initial round of borings and wells, samp " analysis and data validation will be conducted,
followed by interim data evaluation. A second ro ‘d f field investigation will be conducted to further

characterize the site, if necessary, and to satisf and data quality objectives for the CMS/FS.

After the second round of field investigation, th It er sample analysis and data validation, data

ifl be in progress and the CMS/FS will

dvevelopment and screening, and detailed analysis of

During RFI/RI report preparation, o
start. The CMS/FS will include remedlal_t__‘ a
alternatives. According to this schedule, near y:4 yé
until the final CMS/FS report is issued.

xll'eiapse from the time this work plan is finalized

Phase I RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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8.0
FIELD SAMPLING PLAN

8.1 BACKGROUND

The objectives of the bedrock component of the Phase II RFI/R1 are‘y‘tb S fﬁciently characterize the bedrock

to support the baseline risk assessment and, if significant contamin ion i§found, to sufﬁciently characterize

'-speciﬁc dat
to provxde a Fleld Samplmty Plan (FSP) that

if necessary, remedial design. Within these broad objectives,

in Section 4.0. The purpose of this section of the work plan

The Phase II RFI/RI for Operable Unit 2
component. The alluvial component, described iy

subdivided into two steps. The first step will consist

. This
tion in the upper HSU and the hydraulic

"'*hydrostratlgrap c unit (HSU) at Operab]e Unit 2

will include characterization of the nature:and, extent.of contar

interconnection between the upper HSU and, the, upper-bedrock. The second step of the alluvial component

of the RFI/RI will be characterization of the’

urce areas in Operable Unit 2

ed;ock component of the RFI/RI.  As presented in

A stepped approach wi for the

Subsection 2.3, Site Concep ual M@del ::"and"" dwscussed further in Section 4.0,Data Needs and Data Quality

e upper HSU,

and (3) unidentified off—sne sources located

dient of the site.

» sources, the alluvial component RFI/RI field work will characterize the
nature and extent of potenual ources of bedrock contamination. As a result of the limited information
available on both phycha h acterization and characterization of nature and extent of contamination in the

bedrock, a stepped ‘appre ach will be used to implement the bedrock component of the RFI/RL.  This

approach will involve ag continuing reassessment of the conditions as data are obtained so the sampling
efforts can be appropriately redirected. This FSP establishes the criteria that will be used to redirect the

sampling efforts, as necessary, to accomplish the stated goals.

The sampling activities to characterize the bedrock willinvolvedrilling boreholes and installing groundwater

monitoring wells. As discussed in more detail in Subsection 8.2, 20 locations have been preliminarily

Phase 11 RFI/Rl Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Flats Plant. Golden, Colorado January 24, 1991
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identified for clusters of boreholes and wells for the initial step of tﬁe investigation. The 20 clusters contain
a total of 20 boreholes and 38 wells. The locations of the clusters, the depths of the ~boreholes, and the
number of wells and their depths are subject to revision based on the results of the alluvial component of
the RFI/RI and based on volatile organic screening that is conducted while drilling the boreholes during the
bedrock component of the RFI/RI. Therefore, the initial step of the bedrock field sampling outlined in

Section 8.2is intended to demonstrate the rationale and general level of effort that will be required during

the first step. The level of effort required for subsequent investigationrwil depend to a large degree on the

results of the initial step. For example, significantly greater effort woulll.be needed to define the extent of

All sampling and analysis activities will be conducted acco ding to the project Health and Safety Plan (HSP)
and the Sample Analysis Plan (SAP). The SAP willi clude the Standard Operating Procedures (SOP) and
the Quality Assurance Project Plan (QAPjP), whigl

being prepared.

ere undér. development at the time this work plan 1s

8.2 FIELD SAMPLING

8.2.1 Sampling Rationale

Figure 8-1 shows the locations of 20 proposed & ell/bg»rghole clusters that have been identified as preliminary

that significant bedrock €ontaminati n exists.or, that it appears not to. The scope of subsequent steps of the

Investigation will depgﬁd on the

of subsequent steps of the
after the imitial boring and
sampling. s v
that pqtéhtx:gii pathways hav be;@tn sufficiently characterized to conclude that contamination does not exist

along aﬁy-p_oféhtiql pathway, nd to provide a sufficient data set for the baseline risk assessment. Similarly,

if, at any tini'évqufi’"‘
designed to furths

haracterize potential migration pathways and the nature and extent of contamination

along each pathway to “support risk assessment and remedial design. After each significant step of the
investigation, the requirements for further sampling will be established based on the rationale presented in
this Field Sampling Plan. Each step of the work may be redirected based on interim results of ongoing
evaluation of the data. Geologic and chemistry data will be evaluated as it is obtained. EG&G will direct

the continuous updating of the hydrogeologic site model throughout the investigation.

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas . Draft Final
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The physical properties and contamination of the bedrock immediately beneath and downgradient of the
potential bedrock source areas identified during the alluvial RI will be characterized by laboratory physical
and chemical analysis of bedrock samples and by chemical analysis of groundwater obtained from wells
installed in the intervals of interest. Characterization of unweathered bedrock chemistry willbe based solely
on groundwater chemistry testing. Selection of well screen intervals will_ﬂ:}g:_‘onsider the results of screening

samples of the weathered and unweathered bedrock by head spac

.[:t@e'ﬁniques using a portable gas
chromatograph (GC). :

Only lIimited hydraulic conductivity information is currently he bedrock and the results of
packer tests conducted during the Phase I RI do not indicate a smmﬁcant differenc e in. hydraullc conductivity

between the unweathered sandstone and the claystone. However, geologic mterpretatlon indicates the lower

channel sandstones may control the groundwater flow re ;i]e in the lower HSU(s). All of the hydraulic

conductivity values measured in the unweathered ¢k were relatively low, on the order of 1 x 10° to

1 x 10® cm/sec. Hydraulic conductivity measur merits performed in the different lithologic units will,

therefore, be an important part of characterizing thé-bed ydrogeology. Packer tests will be conducted

in rock-cored sections of the central borehole at each clff‘stgr 16eation and slug tests will be conducted in all

wells. The packer testing program will concentrate on distinguishing the hydraulic conductivities of the

sandstones. Slug test results will be

stone from that of weathered claystone.

8.2.2 Boreholes

Location and d a for bor oles” are presented in Table 8-1. There is a potential for the locations

of borehoil'e‘: nd wells to b . offset based on the results of the alluvial component of the RFI/RI and, in
some cases, several offset locatlons may be required to explore for the location of subcropping sandstones.

Typically;the borgholes wil be' relatively deep, on the order of 100 to 300 feet; however, there are several

shallower boréhales"”propf)s d toward the bottom of the hillside to the southeast of the 903 Pad area. Ten

of the boreholes w1]lpenetmte the Arapahoe Formation Sandstone No. 5 interval, three will fully penetrate

the Arapahoe Formation, and the remaining seven boreholes will terminate at shallower depths.

Lithology of all boreholes, including holes drilled for wells, willbe logged the entire depth in accordance with
SOP Number 3.1,Logging Alluvial and Bedrock Material. Logging will be based on continuous lithologic

sampling of the boreholes. Sampling soils above the bedrock will be conducted using hollow-stem auger

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
Rocky Tlats Plant, Golden, Colorado January 24, 1991
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continuous coring techniques. Once bedrock is encountered, grouted casing will be embedded into the
bedrock to isolate the alluvium from the bedrock prior to further drilling (SOP Number 3.3, Isolating
‘Bedrock from Alluvium with Grouted Surface Casing). The referenced SOP requires that the surface casing
embedment be 2 feet into the weathered bedrock. However, the intent is to place the bottom of the casing

approximately 2 feet below the interface describing a substantial reduction in hydraulic conductivity. If the

uppermost weathered bedrock is highly weathered and/or fractured, thi embedment depth will be adjusted

downward. A conservative approach willbe used early in the program with casing embedment on the order

of 5 feet. The project hydrogeologist responsible for the on—goir}g'h cl?bggplogic site characterization will

remainder of the borehole. NX core runs will not exc

discrete samples will be submitted for

Stganic analysis.” Other chemical analyses will
SOP Number 3.2,Drilling and Sampling Using Hollow Stem Auger Techniques). Collection of samples for

bz’s\_ie bedrock (estimated based on Phase 1 RI and Phase

4 ling, sartiples-of weathered and unweathered bedrock will be screened by

headspace methods using-a por Bv.le gas chromatograph (GC) at 2-foot increments (SOP No. 3.9,80il Gas

in* weathere

rock and from each 5-foot long NX core sample obtained in

unweathé‘;egl rock. High c@ncentrations detected by the GC headspace analyses could potentially indicate

the p-ri_f:'seﬁ"é,ezv_ of non-aqueous phases of contaminants. Sample collection and preparation is discussed in

more detail in"SOPA 10.2;in Section 10.0.

conduétivity tests (pump-in packer tests) will be conducted the entire depth of the NX-
cored unweathered bedrock within the central borehole at each cluster. Packer tests will be conducted at
intervals not exceeding 10 feet using a single packer arrangement after each segment of hole is advanced.

Packer test procedures are given in SOP Number 2.3,Pump-in Borehole Packer Testing.

The physical characteristics of the weathered and unweathered bedrock will be evaluated based on standard
material properties, such as grain size distribution and Atterberg limits. Laboratory hydraulic conductivity
Phase 1I RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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tests will be conducted on at least two samples of sandstone from each lithologic interval of the lower
sandstones (i.e, Arapahoe Formation Sandstone Nos. 2, 3, 4, and 5). Similarly, laboratory hydraulic
conductivity tests will be conducted on at least eight samples each of weathered claystone and unweathered
claystone. Selection of samples for testing will be made by the project hydrogeologist responsible for the
ongoing geohydrologic site characterization. The laboratory hydraulic cenductivity tests will generally be
conducted to measure vertical hydraulic conductivity; however, at the"brﬁpj‘%ct hydrogeologist’s discretion,
horizontal tests should also be conducted if it appears that they an e successfully completed with the

available samples.

The central borehole at each cluster will be logged geophysically from the baseof the-cased-off alluvium to

the bottom of the hole in order to obtain additional stfatigraphic information. Stratigraphic correlation

between geophysical logs willaid the interpretation o eologic extent of identified units. Sonic log data

will assist the integration of the existing seismic dafa h the ongoing geologic characterization program.

Borehole geophysical logging will be conducted immediately after, drilling and sampling activities have been
abandoned. Onl

purpose of geophysical logging. If borehole conditior

completed and before the hole is cas

atér will be added to boreholes for the

~require the addition of weighting matenials, approval

will be requested from the project manager or projéct hydrogeologist. Geophysical logging should consist

of a full suite of downhole logs, including

Temperatyse

eutron™

Natural Gamma Ray
Sonic log (fu

“Caliper I

Boreholes that are riot_d signated for subsequent well installation will typically be abandoned immediately
after completion. However, in some instances, if it can be demonstrated that completing a borehole as a
well will not increase the chances of cross-contamination, wells may be completed in boreholes after
overdrilling to the appropriate diameter. This determination may be made if there are previous data
(including GC headspace screening in that borehole) indicating there are no potentially contaminated zones
of bedrock between the bottom of the upper HSU and the screened-interval, or if nested surface casings

have been provided to isolate the screened interval from overlying potentially contaminated zones of bedrock.
Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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If the bottom of the well screen interval is not at the bottom of the borehole, the portion of the borehole
below the screen will be properly grouted prior to well construction. Well screens will not be placed in
zones that have been packer tested. If a well is completed at the bottom of a borehole, hydraulic
conductivity willbe evaluated by means of a pump-out or bail-down recovery test. If not completed as wells,
abandonment of boreholes will be conducted in accordance with SOP Number 3.5, Plugging and

Abandonment of Boreholes.

8.2.3 Groundwater Monitoring Wells

The initial investigation outlined in Table 8-1 will involve _diameter groundwater

monitoring wells. Unless otherwise directed by the proje: 1lli:b:vbe constructed within

15 feet of the central borehole at each cluster. For planning purposes, 38 wells areﬁénticipated during the

initial investigation; however, the installation of a n m r of these wells will be contingent upon whether

certain intervals of sandstone are found at some of the’clustefdocations. In other words, a well targeted for

a particular sandstone interval may not be constructed ‘if sandstone is not found at that depth interval in the

borehole, unless the project hydrogeologist determines™:

well-at that location and depth would be beneficial.

Depth criteria for anticipated screened -intervals are preSented™in Table 8-1. Wells will be developed

according to SOP No. 2.2, Well Developmeéit

wase Il alluvial RFI/RI, the potential presence of high

be used tache k for the nse non-aqueous phase liquids. Similarly, in zones of unweathered

claystqrfé b‘étween the uppermost aquifer and underlying lower sandstones, or between intervals of lower

f well screen intervals will consider the results of screening using GC headspace

sandstones,

fhe:__placement

methods. 26}1@5 of ppargnt €ontamination will be preferred for screen intervals. If GC screening does not

indicate contamination, ‘the” field hydrogeologist designated to supervise well installation and logging may

select the screened interval based on the amount of weathering or fracturing observed and assumed to
represent potential secondary hydraulic conductivity. Relatively weathered or fractured zones will be
preferred for well screen intervals. Otherwise, the screened sections will be placed mid-depth between the
overlying and underlying sandstone intervals. The screened interval of wells isolated in claystone will be 10

feet in length.

Phasc 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arecas Draft Final
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The bedrock will be isolated from potential contamination by groundwater from the upper HSU using
grouted casing. Similarly, if there are data indicating that zones of contaminated bedrock will be penetrated
during the construction of wells screened beneath those contaminated zones, additional nested surface
casings will be provided to isolate the screened interval of the wells from the overlying potential
contamination. Such data will consist either of previous groundwater chemistry data or GC headspace

screening on borehole samples of bedrock.

The RFI/RL will be based on at least one round of groundw: ter hemistry analysis from each well.
However, there is a potential for more rounds of data to be & for
Groundwater measurements and sampling will be conducted

measurements in wellsand piezometers, SOP No. 2.5 ,Meﬁ§ugement for Ground\i}?t-&eﬂ_rj
SOP No. 2.6,Groundwater Sampling. Water level me; u rhents will be obtained ;onthly throughout the

field investigation. During groundwater sampling, an

of low and high density non-aqueous phase liquidsi
Y used to sample them before purging the well
Number 10.1in Section 10.0.

arily those.completed in“elaystone, to produce water slowly enough

that they can not be sampled using convent

of volatile or semivolatile organic compounds, a conventional well will not

ut rather anelectronic or pneumatic piezometer tip and a porous stone-type

.. isolated sampler (e.g.,BAT system sampler) willbe installed in the uncased bottom of the

borehole. ;}P;Irior to installation, a casing will be grouted into place to a depth 3 to 5 feet

dbove th: " bottom of the hole. The uncased bottom of the hole will be developed by

removing all drilling fluids and residues and then removing all water that collects in the
hole during a 2-week period, or a maximum of 5.well volumes. After development, the

piezometer and sampler will be installed.

Phase II RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas Draft Final
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8.2.4 Location Surveying

Locations of all boreholes and wells will be surveyed to within an accuracy of one foot before drilling or
sampling. After drilling, all wells and borings will be resurveyed. Horizontal accuracy willbe +0.1foot for
boreholes and wells. Vertical accuracy will be +0.1 foot for boreholes and 0.01 foot for wells. Three
elevations will be determined for each well: ground surface, top of well asing, and top of surface casing.

Locations are based on State Planar reference and elevations are feet abové mean sea level (USGS datum).

8.2.5 Data Reporting Requirements

Field data willbe input into the RFEDS environmental database using a remoté dat ‘ ehtry module supplied
inch diskette will be délivered to EG&G. A

“for contractor use. The data will be put through a

by EG&G. Data will be entered on a timely basis and
hard copy report will be generated from the modul
prescribed QC process based on a SOPA to be g erated by EG&G.

A sample tracking spreadsheet willbe maintained by the, contractor for use in tracking sample collection and
shipment. EG&G will supply the spreadsheet format “and Will stipulate the timely reporting of the

EG&G on a

information. This data will also be delpered-t inch diskette.

Computer hardware and software requirement tractors” using government-supplied equipment will
be supplied by EG&G. Computer and da't"a:‘ secur

EG&G.

will also follow acceptable procedures outlined by

8.3 SAMPLE ANALY
8.3.1 Soil Samples frém_Boiehol
83.1.1 Chem

Soil sanipl_gs will be collec
Subseé‘ti:qps”':’& land 8.2. D

for chemical analysis from soil and weathered bedrock, as discussed in
nated samples will be analyzed for the chemical parameters listed in Table
vith the' General Radiochemistry and Routine Analytical Services Protocol (GRRASP)

8-2 in acc&r’dan”
(EG&G 1990f). ™

8.3.1.2 Headspace Analysis

Samples of unweathered bedrock will be collected from each of the boreholes for headspace analyses for
volatile organic compounds (VOCs).  Analysis of samples will be performed using a portable gas

chromatograph (GC) to detect the presence of trichloroethylene (TCE), tetrachloroethylene (PCE), carbon

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas - Draft Final
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TABLE 8-2

" PHASE II RFI/RI

SOIL, BEDROCK, AND GROUNDWATER SAMPLING
ANALYTES AND COMPOUNDS

OPERABLE UNIT 2

METALS

Target“Analyte List - Groun

Target Analyte List - Soil and Bedrock

Aluminum ~Aluminum
Antimony Antimony
Arsenic rsenic
Barium Barium
Beryllium Beryllium
Cadmium i
Calcium

Chromium

Cobalt

Copper

Tron
Lead
Magnesium

Lead
Magnesium
Manganese
_Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Other Metals

Molybdenum
Cesium
Strontiim Strontium
Lithium Lithium
Tin Tin

Phase 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas, Draft Final
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TABLE 8-2

PHASE II RFI/RI
SOIL, BEDROCK, AND GROUNDWATER SAMPLING
ANALYTESAND COMPOUNDS

OPERABLE UNIT 2
(Continued)

OTHER INORGANICS - Soil and Bedrock

pH

Nitrate

Percent Solids
Cyanide

Moisture Content

DISSOLVED RADIONUCLIDES
Bedrock

- Soil and

Strontiund 90, 89

Cesitim” 137

Phase 11 RFI/RI Work. Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas, Draft Final
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DISSOLVED RADIONUCLIDES

Specific Conductance
Temperature

Carbonate
Bicarbonate
Chloride
Sulfate
Nitrate as N
Cyanide

- Groundwater

Gross Alpha

Gross Beta

Uranium 233+234,235 and 238
Americium 241

Plutonium 239 +240

Tritium

Strontium 90

Cesium 137

Radium 226, 228
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TABLE 8-2

PHASE II RFI/RI

SOIL, BEDROCK, AND GROUNDWATER SAMPLING

ANALYTESAND COMPOUNDS
OPERABLE UNIT 2

(Continued)

ORGANICS: VOLATILES

Target Compound List - Soil and
Bedrock

Targ

Chloromethane
Bromomethane
Viny! Chloride
Chloroethane
Methylene Chloride
Acetone

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
total 1,2- chhloroethene
Chloroform
1,2-Dichloge
2-Butanon

leromochioromethane
1,1,2- Tnchlomethcme

Brom orm
2-Hexanone
4-Methyl-2-pentanone
Tetrachloroethene
Toluene
Chlorobenzene

Ethyl Benzene
Styrene

Total Xylenes

Phase 11 RFI/RT Work Plan (Bedrock) - 903 Pad, Mound,
Rocky Flais Plant, Golden, Colorado, January 24, 1991
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and Fast Trenches Areas,

C mpound List - Grouiidy

hloromethane
‘Bromomethane
Vinyl Chloride

‘Disulfide
ichloroethene
Dichloroethane
total 1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon tetrachloride
Vinyl Acetate
Bromodichloromethane
1,1,2,2-Tetrachloroethane
2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
Bromoform
2-Hexanone
4-Methyl-2-pentanone
Tetrachloroethene
Toluene
Chlorobenzene
Ethyl Benzene
Styrene
Total Xylenes

Draft Final
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TABLE 8-2

PHASE I1 RFI/RI

SOIL, BEDROCK, AND GROUNDWATER SAMPLING

ANALYTESAND COMPOUNDS
OPERABLE UNIT 2

(Continued

) -

ORGANICS: SEMI-VOLATILES

Target Compound List - Soil and
Bedrock

Phenol
bis(2-Chloroethyl)ether
2-Chlorophenol
1,3-Dichlorobenzene -
1,4-Dichlorobenzene
Benzyl Alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis(2-Chloroisopropyl)ether
~ 4-Methylphenol
N-Nitroso-Diprepylamine
Hexachlorgethane

4~Chloroan;1 ine
“Hexachlo ':'bqgiadiene

2-Methy}haphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethylphthalate
Acenaphthylene
3-Nitroaniline
Acenaphthene

Phase Il RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas, Draft Final
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mpound List - Groun Water

Phenol

is(2-Chloroethyl)ether

“Bi§(2-Chloroisopropylether

4-Methylphenol
N-Nitroso-Dipropylamine
Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
Benzoic Acid
bis(2-Chloroethoxy)methane
2,4-Dichlorphenol
1,2,4-Trichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
(para-chloro-meta-cresol)
2-Methylnaphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethylphthalate
Acenaphthylene
3-Nitroaniline
Acenaphthene
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TABLE 8-2

PHASE II RFI/RI
SOIL, BEDROCK, AND GROUNDWATER SAMPLING
ANALYTESAND COMPOUNDS
OPERABLE UNIT 2
(Continued)

ORGANICS:

Target Compound List - Soil and
Bedrock

SEMI-VOLATILES

2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diethylphthalate
4-Chlorphenyl Phenykether
Fluorene
4-Nitroaniline
4,6-Dinitro-2- methylphen
N-nitrosodiph

4-N rophenol
dibenzofuran
--Dinitrotoluene

4-Chlciphenyl Phenyl ether
“lugrene

-Nitroaniline
4,6-Dinitro-2-methylphenol
N-nitrosodiphenylamine
4-Bromophenyl Phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene
Di-n-butylphthalate
Fluoranthene

Pyrene

Butyl Benzylphthalate
3,3’-Dichlorobenzidine
Benzo(a)anthracene
bis(2-ethylhexyl)phthalate
Chrysene

Di-n-octy] Phthalate

‘Benzo(b)ftuoranthene Benzo(b)fluoranthene
Benzo(k)fluoranthene Benzo(k)fluoranthene
Benzo(a)pyrene Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene Dibenz(a,h)anthracene
Benzo(g,h,i)perylene Benzo(g,h,i)perylene
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TABLE 8-2

PHASE II RFI/RI
SOIL, BEDROCK, AND GROUNDWATER SAMPLING
ANALYTESAND COMPOUNDS
OPERABLE UNIT 2
(Continued)

ORGANICS: PESTICIDES/PCBs

Target Compound List - Soils and Targét Compound List - Groundwater
Bedrock "
alpha-BHC
beta-BHC
delta-BHC delta-BHC
gamma-BHC (Lindane) _gamma-BHC (Lindane)
Heptachlor Heptachlor
Aldrin

Heptachlor Epoxide
Endosulfan 1

-Heptachlor Epoxide
Endosulfan I

Dieldrin

4,4’-DDE 4,4’-DDE

Endrin Endrin

Endosulfag Endosulfan 1I
4,4’-DDD
Endosulfan Sulfate
4,4’-DDT
Endrin Ketone
Methoxychlor

alpha-Chlordane
gamma-Chlordane
Toxaphene

" AROCLOR-1016
AROCLOR-1221
AROCLOR-1232
AROCLOR-1242
AROCLOR-1248
AROCLOR-1254
AROCLOR-1260

Note: . Samples will also be teéted for O-phosphate; Ammonia; Silica (as Si or SiO,); Dissolved Organic
Carbon (DOC); Total Organic Carbon (TOC); and Bromide. Analytical procedures have not yet
been selected for these analytes.

Phase 1l RFV/RI Work Pian (Bedrock) - 903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant, Golden, Colorado, January 24, 1991
22578E/RIT.8-2 02-01-91/RPT Sheet 6 of 6



tetrachloride(CCl,), methylene chloride, acetone, and chloroform. Operation of the GC, QA requirements,
and preparation of the headspace sample will conform to SOP 3.9,Soil Gas Sampling and Field Analysis,
and SOPA 10.2,included in this work plan.

8.3.1.3 Physical Analysis

Physical analysis on soil and bedrock samples will consist of classification (ASTM.D2488), moisture content
(ASTM D2216), and dry density for intact samples (ASTM D‘:,?;’ZIG) Ilahgratory classification tests will
consist of grain size distribution (ASTM D422) (including hydr n lysis and Atterberg limits (ASTM

D4318). Laboratory classifications will be conducted for av_bmin‘: thum of 10 sai’ﬁpl_g:

f.each general bedrock

material type. Laboratory hydraulic conductivity tests will be flexible-wall tests using a triaxial cell with a

confining pressure approximating that of the O\Ierbllgd'én

8.3.2 Groundwater Samples

in the field for pH, specific conductance,
Groundwater Field Parameters. '

filtered in the field using a 0.45 um cellu to sample preservation. During the initial
investigation, samples willbe analyzed for the parain té';s' listed in Table 8-2. Subsequent sampling iterations
may only require analyses for contaminants-of- Qz)ncem, These may be identified after the initial

d in acco“ anée with GRRASP.

Additiona guidance on thé appropriate "use of materials and preservatives is provided in SOP 1.13,

Containéfi:zip ;"”'P;T?servin / Handling, and Shipping of Soil and Water Samples.

Sample control and “documentation is necessary to ensure the defensibility of data and to verify the quality
and quantity of work I;érformed in the field. Accountable documents include logbooks, data collection
forms, sample labels or tags, chain-of-custody forms, photographs, and analytical records and reports.
Guidance defining the necessary sample control, identification, and chain-of-custody documentation is

discussed in SOP 1.13, Containerizing, Preserving, Handling and Shipping of Soil and Water Samples.
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8.3.4 Field QC Procedures

Sample duplicates, field preservation blanks and equipment rinsate blanks will be prepared. Trip blanks will
be obtained from the laboratory. The analytical results obtained for these samples will be used by the ER
Project Manager to assess the quality of the field sampling effort. The-types of field QC samples to be
collected and their application are discussed below. The frequency wh wﬁvich each type is to be collected
and analyzed is provided in Table 8-4.

Duplicate samples will be collected by the sampling team and will be :s_}_ed' s.a relative measure of the
precision of the sample collection process. These samples wi ¢ collected at”":’:th sa e _time, using the same

procedures, the same equipment, and in the same types ntainers as required for-the samples. They will

also be preserved in the same manner and submitted he same analyses as required for the samples.

Equipment blanks (rinsate) will be collected fi om éi’*"ﬁnal,._.,.sieconta}mnation rinse to evaluate the success of

the field sampling team’s decontaminatiol

Phase 11 RFI/RT Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas : Draft Final
Rocky IFlats Plant, Golden, Colorado January 24, 1991
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TABLE 8-4

FIELD QC SAMPLE FREQUENCY

Sample Type , Type of Analysis L

Liquids
Duplicates Organics® 1/10
Inorganics® 1/10
Radiologicals® 1/10
Field Preservation Blanks Organics® NA
Inorganics® 1720
Radiologicals® 1/20
Equipment Rinsate Blanks Organics® 1/20 1/20
Inorganics® <. 1/20 1/20
" Radiologicals® 1/20 1/20
Trip Blanks Organics® 1720
Inorganics® NR
Ratliologicals®L- NR

=

NA
NR

Not Applicable
Not Required

® Source: EPA (1986¢
®  Source: DOE (19%7)

Phase 11 RFI/R] Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Arcas, Draft Final
Rocky Flats Plant, Golden, Colorado, January 24, 199]
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SECTION 9
QUALITY ASSURANCE ADDENDUM (QAA)

This Quality Assurance Addendum QAA supplements the QAPjP dated August 23, 1990, and establishes
the specific QA controls applicable to the bedrock field investigation/activities described in the Phase
RFI/RI Bedrock Workplan, Section 8.0. ’

9.1 ORGANIZATION AND RESPONSIBILITIES

The organization of the EG&G Rocky Flats divisions involyed in RFI/RI activity s‘shown in Figures -1

and 1-2 in the QAPjP. Individual responsibilities are desc bed in detail in QAP;P, :Subsectlon 1.3.

Contractors will be tasked by EG&G Rocky Flats to’implement the Phase 11 Bedrock Work Plan/Field
Sampling Plan. The specific ER Department perso

ho ﬁwiH interface with the Contractors and be

spécific QA controls applicable to the field
lan Section 0. The QAPjP was written to specifically
_content was driven by DOE RFP SOP 5700.6B,which
Rocky Flats Plant activities based on ANSI/ASME
..Jor Nuclear Facilities,"” as well as the JAG which specifies that
: gped in accordance with EPA QAMS-005/80, "Interim
r Preparing QAPjPs.” The 18 element format of NQA-1 was selected as the
quent addenda with the applicable elements of EPA QAMS-005/80

All pqréongjél performing ities in accordance with the SOPs specified in this QAA shall receive

docun“lén.tgdm'training in the/

A and the applicable SOPs prior to performing the work as specified in
QAPjP, Subsect ‘

Phasc 11 RFI/RI Work Plan 903 Pad, Mound. East Trenches Arca Draft Final
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OPERABLE UNIT 2
PHASE T RFI/RI WORK PLAN (BEDROCK)

U.S. DEPARTMENT OF ENERGY
Rocky Flats Plant, Golden, Colorade

PROJECT MANAGEMENT
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Figure 9-1
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9.3 DESIGN CONTROL

93.1 Data Quality Objectives (DQOs)

Objectives:

The Phase II field investigation is designed to meet the data quality jectives (DQOs) outlined in Table
9-1.
The DQOs are quantitative and qualitative statements which, ﬁp quality and quantity of data
collection required. DQOs are typically expressed in terms q

comparability, and completeness (PARCC).

_ _be sexpressed in purely
is defined in detail in QAPP Table 9-1. The DQOs
er 'i‘DQOs for field quality control blanks are stated
: CLP protocol and are described in QAPjP

quantitative terms. Each of the PARCC parameters

for.the analytical analysis and field instruments and C
in the site-wide QAP)JP. All water and soil anal
Table 9-1.

il u

Comparability:

Comparability is a qualitative paramete:
and analysis plan, standardized analytical
uniform units. Comparability is an indicate

previously collected data and data

Representativeness:

Comp lfct*éness:

'E’Bmeasure of data quality expressed as the percentage of valid or acceptable

Completeness, is d quantitati
data obtained from a measurément system. The goal for completeness for data packages is 100 percent, with
a minimum acceptabi vel of 90 percent.  All incomplete data packages will be reviewed to determine the

cause and corrective action to meet the 100 percent completeness goal.

Phasc 11 RFI/RI Work Plan 903 Pad, Mound, East Trenches Arca Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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93.2 Sampling Locations

Sampling locations for groundwater sediments, subsurface soil, surface, soil, and surface water are specified
in the Bedrock Work Plan, Section 8.0.

9.3.3 Hydrologic Testing

The hydrologic testing program to be used at the 903 Pad, Mound; and |
the Bedrock Work Plan, Subsection 5.1.1.4. Hydrologic testing will b
EG&G SOPs, specified in Table 9-2.

st Trenches Areas is specified in

erformed in accordance with the

9.3.4 Equipment Decontamination

Non-dedicated sampling equipment shall be deco an ﬁa(ed ‘between sampling locations in accordance with
the EG&G SOPs specified in Table 9-2. Other e(ifup ent’ (e
during drilling, hydrogeologic/geologic testing, boring,hghm i
as specified in the applicable EG&G SQPs

.,heavy equipment) potentially contaminated

zollection, etc., shall also be decontaminated

9.3.5 Quality Control Checks

To assess the quality of the field sampling t ique, collection of field quality control (QC) samples are

olume G a-designated field sample, shall be collected at a 5-percent

~ frequency for each specific, sa A‘d;équate volume of the QC sample shall be collected and

submitted to the laboratory,

Field qua]ityx:béorglgr(‘)']“ jectives are shown in Table 9-1.

9.3.6 Analytical Procediires

Analytical procedures and DQOs are shown in Table 9-1.
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TABLE 9-3
FIELD QC SAMPLE COLLECTION FREQUENCY

Activity

Field Duplicate

Trip Blank®

Equipment Rinsate Blank
Triplicate Samples (benthic qam es

Drilling and Decontamination Fluids

1. Or per sampling event, whichever 15 mdre frequent.
2. For samples to be a

3.

4. One equipmeny’ ri

when non-dedi

1 per shipping container’

i each sampling site.

Sample source and analyze for all
analytes of interest prior to use.

Phase 11 RFI/RI Work Plan 903 Pad, Mound, East Trenches Area
Rocky Flats Plant, Golden, Colorado
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9.3.7 Data Reduction, Validation, and Reporting

Analytical Reporting Turnaround Times:

Contractually required analytical reporting turmaround times are shown in. QAPjP Table 3-1.

Data Validation:

Data validation entails an examination of the sample data package Avhich includes the QC data and the raw

sample data to verify that the field and laboratory data falls w he required “control. limits, the analytical

results are correctly transcribed from the instrument prin and which, if any, fietd samples are related
to any laboratory QC samples found to be beyond cor rol limits. The objective of data validation is to

identify any unreliable or invalid field or laborator_y{‘:n}_ surements and also to verify compliance with the

Data_Reduction:
Reduction of laboratory measurements “a ¢ of analytical parameters shall be in
accordance with the procedures specified for eac (Table 9-1). The reduced data will be
used in the data validation p

been met.

Contractors  shatl

Plan, the QAP QAA, y OPs referenced in these documents. Analytical services will also be
amples. Appropriate requirements from the QAP)P, this QAA, and the
0 any organizations performing these analyses. A Contractor may also be
utilized td“‘validéte,,analytig packages. Appropriate requirements from this QAA shall be transmitted

to the validatiori

The implementing Contractors shall be required to provide the materials necessary for performjng the work
described in the FSP.

The Contractor shall be required to submit a QA Prograxﬁ that meets the applicable requirements in the
QAPjP, this QAA, NQA-1, and EPA QAMS-005/80.

Phase 1I RFI/Rl Work Plan 903 Pad, Mound, East Trenches Area Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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TABLE 9-4

DATA VALIDATION GUIDELINES

Data validation shall be performed by EMAD or Contracto b.

functional guidehnes:

. EG&G . Rocky Flats, Radiochemical Data Validation Guidelines - Gamma Spectroscopy (in

préﬁa-ra i

Phase 1T RFI/RI Work Plan 903 Pad, Mound, East Trenches Area ’ Draft Finat
Rocky Flats Plant, Golden, Colorado January 24, 1991
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9.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS

The FSP in the Bedrock Work Plz:m, Section 8.0describes the activities to be performed. The plan shall be
reviewed and approved in accordance with the requirements for instructions, procedures, and drawings
specified in QAPjP Section 5.

SOPs approved for use for RFI/RI are identified in Table 9-2, whick alsé indicates their applicability. Any

additional quality-affecting procedures proposed for use but not'identified here shall be developed and

approved as required in QAPjP Section 5.0 prior to performir}gﬁ the afféeted etivity.

9.6 DOCUMENT CONTROL

The following documents, as a minimum, shall be ce
in Section 6.0 of the QAP{P/EE QAP;P:

d in accordance with the requirements specified

. Phase II 903 Pad, Mound, East Trench

reas RFI/RI Work Plan (Bedrock);
roject Plan for CERCLA RI/FS and
the Rocky Flats Site-Wide QAP;P for CERCLA RFI/RI

and RCR R__ CMS$ Activi‘f"i _ for Operable Unit 2, 903 Pad, Mound, East Trenches
Areas Phase”II REI/ Activitie: gmd

. Quality Assurance Addendurh to

thé QAPP and this QAA).

9.7 CONTROL. MS AND SERVICES

The Co‘n‘fﬁrqo‘tors that sha vide services identified in Section 4 of this QAA shall be selected and

evaluat:éd ?:s,::_‘speciﬁed in Se 9.0 of the QAPjP. This includes pre-award evaluation/audit of proposed
Contractors, a’s'"w;cb_fll as perigdig audit of the acceptability of Contractor performance during the life of the

contract (as ‘é'f)plic'eiﬁle). Such audits shall be performed at least annually or once during the life of the

project, whichever is.morg” frequent (see also Section 18.00of the QAPjP).

Phase 11 RFI/RI Work Plan 903 Pad, Mound, East Trenches Area Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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9.8 IDENTIFICATION AND CONTROL OF ITEMS, SAMPLES, AND DATA

9.8.1 Sample Containers/Preservation

Appropriate sample volumes, containers, and preservation requirements for RFI/RI shall be in accordance
with the SOPs listed in Table 7-2 and Table 9-5. Requirements for en ropmental evaluation are included

in the Environmental Work Plan (Section 6) and SOPs which are to be. eveloped.

9.8.2 Sample Identification

. with the SOPs speél redm Table 7-2 and shall

source(s) and indicates the method(s), date, the

RFI/RL samples shall be labeled and identified in accord:
have unique identification that traces the sample to t :
sampler(s), and conditions prevailing at the time sampling. Sample identification requirements for
environmental evaluation samples are included in’ ion '

9.8.3 Chain-of-Custody

A required part of any sampling and analytical program is the integrity of the sample from collection to data
reporting. The documentation of the sa
custody shall be maintained as specified in Sect

specified in Table 9-2 for environmental sa

9.9 CONTROL OF PRQCESS

Procured

inspected-(a
9.11 TEST CONTRQL

Test control requirements shall apply to Treatability Studies when they are performed. Such tests shall be
performed and documented in accordance with the requirements for test control specified in Section 11.0
of the QAPjP.

Phase 11 RFI/RI Work Plan 903 Pad, Mound, East Trenches Area Draft Final
Rocky Flats Plant, Golden, Colorado ' January 24, 1991
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9.12 CONTROL OF MEASURING AND TEST EQUIPMENT (M&TE)

9.12,1 Field Equipment

er samples shall be measured
librated as specified in EG&G

Specific conductivity, temperature, pH, and dissolved oxygen content of
in the field. Field measurements shall be taken and the instruments
procedure SW-SOP-4.2 (Table 9-2).

Each piece of field equipment shall have a protocol package, assp SOPs shown in Table 9-2,

that contains:

. Standard- operating procedures (i.e., EG&G SW-SOP 4.2);

o Routine preventative maintenance , including a list of critical spare parts to be

provided or available in the fiel
Calibration methods, frequency, on of the calibration solutions; and

ally recognized standards).

RFI/RI u‘s‘z’impigs*‘*shall be p "’Ekaged, transported, and stored in accordance with the applicable SOPs specified

in Table 9-2 and. re ents shown in Table 9-5.

The implementing Contractor shall develop and implement an SOP for handling and storing construction
materials to ensure only appropriate, accepted materials are used and are handled and stored to prevent

contamination 'or damage prior to use/installation.

Phase 11 RFI/RI Work Plan 903 Pad, Mound, East Trenches Area Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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TABLE 9-5
SAMPLE CONTAINERS, SAMPLE PRESERVATION,
AND HOLDING TIMES FOR WATER, SOIL, AND SEDIMENTS

SOIL AND SEDIMENT

Analyte Container Preser\_{_atlv Holding Time

TAL Metals 8 oz. glass
Non-TAL Metals 8 oz. glass
pH 8 oz. glass
Nitrate 8 oz. glass
Sulfide 8 oz. glass
Percent Solids 8 oz. glass

180 days (Hg 28 days)

TCL Volatiles

TCL Base/Neutral/Acids 7 days/40 days’

TCL Pesticides/PCBs 7 days/40 days’

Petroleum Hydrocarbons 7 days/40 days’

Gross Alpha/Beta
Plutonium 239+ 24
Americium 241,
Uranium 23
Strontium 89, 9
Cesium 137
Tritium

WATER

None 180 days
None 180 days
None 180 days
None 180 days
None 180 days
None © 180 days
None 180 days

Container Preservative ~ Holding Time
“TAL Metals 1 L Poly. HNO, to 180 days (Hg 28 days)
pH <2, 4°C
Non-TAL Metals’ 1 L Poly. HNO, to 180 days (Hg 28 days)
pH<2,4°C
Carbonate 500 mL Poly. 4°C 14 days
Bicarbonate 500 mL Poly. 4°C 14 days
Chloride 500 mL Poly. 4°C 28 days
Sulfate 500 mL Poly. 4°C 28 days
Nitrate 500 mL Poly. 4°C 48 hours
Phase 1I RFI/RI Work Plan 903 Pad, Mound, East Trenches Area Draft Final
Rocky Flats Plant, Golden, Colorado January 24, 1991
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TABLE 9-5 (cont’d)

SAMPLE CONTAINERS, SAMPLE PRESERVATION,
AND HOLDING TIMES FOR WATER, SOIL, AND SEDIMENTS

WATER (cont’d)

Analyte Container Holding Time
Fluoride 500 mL Poly. 28 days
Total Suspended Solids (SW) 500 mL Poly. 7 days
pH 500 mL Pol ASAP
Total Dissolved Solids 7 days
Cyanide NaOH to 12 days
pH>12,4°C
TCL Volatiles 4 drops conc. 14 days
Cl, 4°C
TCL Base/Neutral/Acids' 4°C 7 days/
40 days’
TCL Pesticides/PCBs 4°C 7 days/
40 days’
Gross Alpha/Betd HNO, pH<2 180 days
Radium 22 HNO,; pH<2 180 days
Tritium 100 mL Glass None None
Uranfum .. 1 L Poly. HNO, pH<2 180 days
J 234,235,238 .
Strontium Total 1 L Poly. HNO, pH<2 180 days
Cesium 137 1 L Poly. HNO, pH<2 180 days
Americium 2.5L Poly. HNO, pH<2 180 days
Plutonium 239+240 2.5L Poly. HNO, pH<2 180 days
1. TCL semi-volatiles.
2. 7 days from collection to extraction, 40 days from extraction to analysis.

Phase 11 RFI/RI Work Plan 903 Pad, Mound, East Trenches Area

Rocky Flats Plant, Golden, Colorado
22578/R19 01-24-91/RPT/2

Draft Final
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9.14 STATUS OF INSPECTION, TEST, AND OPERATIONS

The requirements for the identification of inspection, test, and operating status shall be implemented as
specified in Section 14.0 of the QAPjP. A log specifying the status of all boreholes and groundwater

monitoring wells shall be maintained.

9.15 CONTROL OF NONCONFORMANCES

The requirements for the identification, control, evaluation, and 'ﬁ@q_ponfornﬁng items, samples,
and data identified by EG&G shall be implemented a n150 of the QAPjP.

..shall be submitted toE &G for concurrence

péciﬁed 1nSect

Nonconformances identified by the implementing contra

and approval of the proposed corrective action(s) andd

9.16 CORRECTIVE ACTION

ified in QAPjP Section 16. Conditions
" documented and submitted to EG&G

. Nonconformance Reports

. Corrective Action Documentation

. Data Validation Results

. Analytical Results

» Procurement/Contracting Documentation
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. Training/Qualification Records

. Inspection Records

9.18 QUALITY VERIFICATION

The requirements for the verification of quality shall be implemented assp ified in (QAPjP) Section 18.0.

lytical support services shall be

Audits of Contractors providing field investigation, construction, agdy a

performed at least annually or once during the life of the projeg;f: whichever is more frequent (see also

QAP;jP Section 18.0).
9.19 SOFTWARE CONTROL

plemented as specified in QAPjP Section 19.0. Only

The requirements for the control of software shall b
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10.0
SOP ADDENDA (SOPA)

10.1 SOP ADDENDUM TO SOP NO. 2.6: DETECTION AND SAMPLING OF NON-AQUEOUS PHASE
LIQUIDS IN MONITORING WELLS

10.1.1 Introduction

Wells screened across the bedrock/alluvial interface or at other zones of vértical permeability contrast have

the greatest potential for containing dense non-aqueous phase liquids. These“wells:and any other wells

where DENSE or light non-aqueous phase liquids are suspected will be checked for these contaminants

during groundwater sampling. Samples of the non- i1s phase liquids will be collected if present.

10.1.2 Determination of the Depth and Thicknéss on<Agueous Phase Immiscible Layers

The presence of immiscible layers will be checked for usini; rface probe. Prior to use, the interface

probe willbe decontaminated following SOP-No. 1.3,General Eq ipment Decontamination. The interface

probe will have differing sound tones
layers. As with water level measurements, t
to the nearest 0.01foot. Manufacturer’s instryc

and Piezometers, will be followed-

interface. All depths

down to determine t

will be considered reﬁmdu

average of the reproducible “read

Once
determitied, the probe willbe retrieved and decontaminated according to SOP

contamination.

If detected, non-aqueous phase liquid samples willbe collected before purging activities begin. The method
of choice for collecting immiscible layer samples is dependent on the thickness of the layer and the depth
to the surface of the layer. When the thickness of the floating layer is less than 2 feet, a peristaltic 'pump
or a bailer which fills from the top will be used. If the thickness of the phase is 2 feet or greater, samples

will be collected with a bottom-valve bailer. Dense immiscible liquids will be collected. with a bottom
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double-check-valve bailer before purging the well. In all cases, care will be taken to carefully lower the

bailer into the well so that minimal agitation of the immiscible layer is achieved.

Equipment used for collecting non-aqueous phase liquid samples will be cleaned before use. All sample
containers willconsist of bottles precleaned to EPA specifications. The following procedure willbe followed

when sampling wells with immiscible layers.

. The bailer and bailer line will'be precleaned following the.procedures outlined in SOP No.

1.3,General Equipment Decontamination.

. Bailers and line willbe wrapped in aluminuin foil for transport t(;v'the field or from one site

to the next.

U The bailer intake will be carefully low the midpoint of the immiscible layer and the

The bailer will be lowered into the

floating immuscible liquid

peristaltic pump. If

102 SOP ADDENDUM 'TO SOB NO. 39: FIELD HEADSPACE ANALYSIS BY PORTABLE GC
,METHODS

10.21 intr(__)_»duétiqn

Samples of unweathéred and weathered bedrock willbe collected from boreholes for field headspace analysis
by GC methods. The analyses will check for carbon tetrachloride (CCl,), trichloroethylene (TCE),

tetrachloroethylene. (PCE), methylene chloride, acetone, and chloroform.
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10.2.2 Obtaining and Preparing Samples

Immediately after the sampler is opened, a sufficient quantity of soil or bedrock will be obtained from a
“segment of core to approximately half-way filla 250 ml. wide-mouth glass container fitted with a septum top.

y a 30-second interval and then

The sample willbe broken up in the jar as much as possible for approxim:

immediately capped. After capping, the sample will be inverted and theh transported to the base lab within

4 hours of sampling. Once at the base lab, the sample willbe weigh d the weight of the soil or bedrock

determined by subtracting the predetermined weight of the empty container-from the container with sample.

The sample containers will be placed in a constant temperature “chambe r water_bath maintained at 25° C

for I hour. After 1 hour, the sample container will be turned “wpright and allowed o_sit five minutes, and

a syringe will be used to extract an appropriate aliqug 6n expected levels of

contamination. The gas chromatograph manufacturer’ss operating manual will be followed for sample

injection and operation.

Each day, prior to sample analysis, inject and analyze.a blank. ind two standards. One standard mixture will
be prepared at concentrations 2 to 3 times the minimu

standard will be prepared at 1 to 2 times

‘ field sample the system will be purged-and :
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10.0
SOP ADDENDA (SOPA)

10.1 SOP ADDENDUM TO SOP NO. 2.6: DETECTION AND SAMPLING OF NON-AQUEOUS PHASE
LIQUIDS IN MONITORING WELLS

10.1.1 Introduction

Wells screened across the bedrock/alluvial interface or at other‘zoﬁes of Veni_eal'permeability contrast have
the greatest potential for containing dense non-aqueous phase hqunds These" well‘"q -and any other wells
where DENSE or light non-aqueous phase liquids are .suspected will be checked for these contaminants
during groundwater sampling. Samples of the non-eque_ous phase liquids will be collected if present.

10.1.2 Determination of the Depth and Thicknee,s_o:f Ngn-’Aqneous Phase Immiscible Layers

The presence of immiscible layers will be checked for usmg an mterface probe. Prior to use, the interface

probe will be decontaminated followmgSOP No. L 3,General Eqmpment Decontamination. The interface

probe will have differing sound tones or pat!ems o dmtmguxsh between aqueous and immiscible organic

layers. As with water level measurements, the, probe wilt-be sufﬁcxently accurate to measure water levels

to the nearest 0.01 foot. Manufacmrer’s instructxons and SOP No. 2.1, Water Level Measurements In Wells

and Piezometers, will be followed-to measure ‘the depth to the bottom of the well, the depth to the non-

aqueous/aqueous layer i in{ "rf ] "’,”"‘*"and ihe depth to the top of the water column or non-aqueous layer/air
interface. All depths wxﬂ be recorded th
down to determine the pomt where the..indi

earest 0.01 foot. The probe will be moved slowly up and
‘tone or sound is reproducibly obtained. Measurements
will be considered repmducrble when consecutive readings do not differ by more than +0.02 foot. The

will be used to determine the measurement level. Care will be taken

average of the reproducxble' ‘read

Wbe to minimize rubbing of the tape against the well casing. Once

If detected, non-aqueous, phase liquid samples willbe collected before purging activities begin. The method
of choice for collecting immiscible layer samples is dependent on the thickness of the layer and the depth
to the surface of the layer. When the thickness of the floating layer is less than 2 feet, a peristaltic pump
or a bailer which fills from the top will be used. If the thickness of the phase is 2 feet or greater, samples

will be collected with a bottom-valve bailer. Dense immiscible liquids will be collected with a bottom
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double-check-valve bailer before purging the well. In all cases, care will be taken to carefully lower the

bailer into the well so that minimal agitation of the immiscible layer is achieved.

Equipment used for collecting non-aqueous phase liquid samples will be cleaned before use. All sample
containers willconsist of bottles precleaned to EPA specifications. The following procedure willbe followed

when sampling wells with immiscible layers.

. The bailer and bailer line will be precleaned followmg the procedures outlined in SOP No.

1.3,General Equipment Decontamination.

. Bailers and line will be wrapped in alumi'ﬂﬁm foil for transport to the field or from one site
to the next. ‘A
. The bailer intake will be careful:.l& low_\erec:lv,-t‘o the midpoint of the immiscible layer and the

bailer filled while it is being h'él’d\,.v,vatﬂ (ilis.;‘l.evel. "The bailer will be lowered into the
immiscible layer slowly so that nﬁniméf""'agitéiian of the immiscible layer occurs. If a layer

floating immiscible llquxd less than 2 feet thick.i 18 bemg collected, use a top-filling bailer or

penstaltxc pump. Ifa ﬂoatmg 2 yer greater than % feet thick is bemg collected, the bottom

METHODS

102.1 Introduction

Samples of Llnweai'ﬁ'ered and weathered bedrock willbe collected from boreholes for field headspace analysis
by GC methods. The analyses will check for carbon tetrachloride (CCl,), trichloroethylene (TCE),
tetrachloroethylene. (PCE), methylene chloride, acetone, and chloroform.
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10.2.2 Obtaining and Preparing Samples

Immediately after the sampler is opened, a sufficient quantity of soil or bedrock will be obtained from a
segment of core to approximately half-way filla 250 ml. wide-mouth glass container fitted with a septum top.
The sample willbe broken up in the jar as much as possible for approximately a 30-second interval and then
immediately capped. After capping, the sample will be inverted and then trrahsported to the base lab within
4 hours of sampling. Once at the base lab, the sample willbe welghed a}_id the weight of the soil or bedrock
determined by subtracting the predetermined weight of the empty. contamer from the container with sample.
The sample containers willbe placed in a constant temperature ; chamber or, water Jbath maintained at 25° C

for 1 hour. After 1 hour, the sample container will be tumed upnght and allowed to, s1t five minutes, and
a syringe will be used to extract an appropriate ahqum (typlcally 100 ul) based--on expected levels of
contamination. The gas chromatograph manufacturers ‘operating manual wnll be followed for sample

injection and operation.

Each day, prior to sample analysis, inject and analyiie .a_l_}_l;]'ank nd two standards. One standard mixture will

be prepared at concentrations 2 to 3 times the minimumi-de ection limit while concentrations in the other
standard will be prepared at 1 to 2 times-the upper range expéoted in the sample. Prior to running the first

field sample the system will be purged ptabie--blank valuss obtained.
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